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THERMOPHYSICAL PROPERTIES OF NORMAL BUTANE FROM 135 TO 700 K AT 
PRESSURES TO 70 MPa 
William M. Haynes and Robert 1D. Goodwin 


Thermophysical Properties Division 
National Engineering Laboratory 
National Bureau of Standards 
Boulder, Colorado 380303 


Using a modified version of the nonanalytic equation of state, 
thermophysical properties of normal butane are derived from physical 
properties data and are tabulated at integral temperatures from 135 to 
700 K along isobars at pressures to 70 MPa. These isobar tables, along 
with a table for the saturated liquid, give values for densities, 
compressibility factors, internal energies, enthalpies, entropies, heat 
capacities, fugacities, sound velocities, dielectric constants, and 
isochore and isotherm derivatives. Equations, wnose coefficients are 
determined from a least squares fit to selected experimental data, are 
also presented for vapor prassures, orthobaric liquid and vapor 
densities, ideal gas properties, second virial coefficients, dielectric 
constants, heats of vaporization, melting pressures, and orthobaric 
liquid specific heats, enthalpies, and entropies. Comparisons between 
experimental and calculated values for all properties considered here 
are reported in detail. 


Key words: Densities; dielectric constants; enthalpies; entropies; 
equation of state; fugacities; internal energies; isobars; isochores; 
isotherms; Joule-Thomson inversion; latent heats of vaporization; melting 
line; normal butane; ortnobaric densities; specific heats; vapor 
pressures; velocities of sound. 


1. Introduction 

The present work is a revision and extension of a previous provisional 
report [28] from this laboratory. Since that report new compressibility 
data [35] for normal butane at low temperatures nave become available and are 
incorporated in the work reported here. These new data cover a range from 140 to 
300 K at pressures to 35 MPa. As a result of new dielectric constant measure- 
ments [35,38] on normal butane, the present work also includes a correlation of 
dielectric constant data. The nonanalytic equation of state used here, which is 
modified from earlier versions [26-29], is also currently being employed in 
correlations for propane [30] and isobutane [31]. 


Other correlations on normal butane have been reported by Hanson [34], 
Prengle, et al. [57], Canjar, et al. [9], Das and Kuloor [20], and Das, 
et al. [21]. Many new properties data, especially at low temperatures, have 
appeared since these correlations were developed. 

SI units are used throughout this report in tables and equations. Pressures 
are given in MPa, densities in kg/m, and temperatures in K. For thermal 
properties, the mol is used for amounts of substance. However, all computations 
in computer programs (Appendix E) for the present work have been conducted in 
units of bar for pressure and mol/L for density. 

Symbols and units used in this report and in computations appear in 
Appendix A; conversion factors for units are given in Appendix B. Fixed-point 
values of normal butane used in this work are reported in Appendix C. A 
collection of references for the major physical properties of normal butane, 
along with ranges of data, is presented in Appendix D. Appendix E consists of 
computer programs used for the calculation of thermophysical properties of normal 
butane. In figure 1 is presented the density-temperature diagram for normal 
butane. 


ae Physical Properties and Their Formulation 

In this section, first the fixed-point values selected in present work are 
presented and their origins are briefly discussed. As the present equation of 
state originates on a given liquid-vapor coexistence boundary, the P(T) melting 
line, the vapor pressures, and the orthobaric densities are next formulated. 
Then the truncated virial equation of state is given because it is used to derive 
some needed data. The equation of state description is followed by formulation 
of some thermal properties needed for the final computations of a thermodynamic 
network. All symbols used in the equations are defined in Appendix A. 


2.1 Fixed-Point Values 

These values are listed in Appendix C. 

(a) The: Triple Point... The temperature (T, = 134.86 K) is adopted from 
Das, et al. [21], while the pressure is determined from the vapor pressure 
equation (eq (2)). The liquid density is based on consistency with data in 
eq (3). Equation (4) for saturated vapor densities is used for calculating the 
vapor density. 


(b) The Boiling Point. The temperature (7) = 272.638 K) is from vapor 
pressure eq (2) at a pressure of 1 atm = 0.101325 MPa. Liquid and vapor 
densities are from eqs (3) and (4). 

(c) The Critical Point. The temperature (We = 425.16 K) is adopted from 
Das, et al. [21] and is in agreement within acceptable limits with the values of 
Beattie, et al. [2] and Kay [44]. The density and pressure (0, = 227.85 kg/m? 
(3.92 mol/L) and Be = 3-7 900 MPa) are adopted on the basis of fitting orthobaric 
densities, vapor pressures, and P-p-T data and then examining the behavior of the 
calculated critical isotherm. The selected values for density and pressure are 
substantiated by those obtained experimentally from the data of Kay [44], 
Beattie, et al. [2] and by those selected in the correlation of Das, 
et al. [21]. 


2.2 Melting Line and Vapor Pressures 

(a) The Melting Line. Experimental pressures from about two to ten 
kilobars were reported by Reeves, et al. [59] as constants for the Simon eq (1). 
In present work using the triple point temperature and pressure from Appendix C, 
the relation, 


Po SB eR, Ie add (1) 


is obtained, where P 
CS Zoek lls 
(b) The Vapor Pressures. Data used for adjusting eq (2) appear in the 


+ = 6.1358 x 107” MPa, T, = 134.86 K, P, = 363.4 MPa, and 


first part of table 1. Otner data, weighted zero, appear in the continuation of 
the table. Values at ID = 40 have been derived via thermal loops, as described 
by Goodwin [27], by use of the saturated liquid specific heat data of Aston, 
et al. [1] from the triple- to the normal boiling-point; the heat of 
vaporization of Aston, et al. [1] at the normal boiling point; the ideal gas 
thermofunctions formulated in section 2.6; the virial equation formulated in 
section 2.4; and, for the minor contribution of V*edP to AH on the saturated 
liquid path, the preliminary vapor pressure and saturated liquid densities 
equations were also used. This procedure also has been described by Yarbrough 
and Tsai [75]. 

The argument for eq (2) is De = UWS then, vapor pressures (23) in MPa 
are given by the relation, 


pet ry 12 Roe e «a € 
an(P .*10) = a/T, + OS Cet yt dela so eslig tata 1.) : (2) 


where € = 1.85 and, from least squares analysis, 


= = 9.5092 4729 digi 4.8614 7936 
= 5.2015 3488 = =< /.5581 8629 
¢ = 10.6409 5231 tT =% 182/288 6023 


Exponent e€ was selected for a best fit of P-p-T data under the constraint that, 
at the critical point, the slope of the vapor-pressure equation be equal to the 
slope of the critical isochore from the equation of state, dP,/dT = (aP/9T), . 
The fit of present vapor pressure data is relatively insensitive to values of € 
in the range, 1.1 < € < 1.95, but the critical point slope is dependent on the 
value of e. The value of € = 1.85 is consistent with scaling law equations. The 
present slope at the critical point is dP/dt = 0.064272 MPa/K. 


2.3 The Orthobaric Densities 

(a) Saturated Liquid Densities. Data in table 2 have been selected for 
consistency. Data weighted zero, which appear in the continuation of the table, 
are shown for comparison. If the variable for eq (3) is defined by 


OR eee a Ue 


i ia 


then the orthobaric liquid densities, Py» are described by 


(Dy Oar aO IM) Nee (x© - x)*[a + bex + ox?) , (3) 
where € = 0.35, and, from least squares analysis, 
a = .0./943 88335 c = =0.0858 29197 
b = +-0.0010 89476 


(b) Saturated Vapor Densities. The following new type of formulation for 
Saturated vapor densities has been developed for consistency with the equation of 
state (eq (6)) to yield a compressibility factor approaching unity in the limit 
of low densities, as described earlier [26,29]. Data in table 3 used in the fit 
have been selected for internal consistency. Values at ID = 40 are derived from 
the vapor-pressure and virial equations. Other data, weighted zero, appear in 
the continuation of table 3. The compressibility factor for saturated vapor is 
formulated by use of the vapor-pressure equation, such that L.(T) approaches 


unity as Pg — 0, (hence T (0) —+ 0). Let Ay = (Z. - 1), where Le is value of 
the compressibility factor at the critical point, and define the arguments 


Ay eee Gye eae neta =e °/ Tame Mma) ©) 2 (1-272) 


The saturated vapor densities, Pg = PZ ,2ReT) » then are given by 


_ es 6 at 
Lee a Ay II Ue 


TGS ieears (4) 
where 


Gl) ees eet acu’ + beu + ceexp[n?(1 - 1/u)] , 


€ = 0.35, n = 2.3, and, from least squares analysis, 


Ih 


-0.8665 77289 c = 4.4986 58942 
1.1203 97967 


a 
b 


The next-to-last column in table 3 gives the experimental residuals, 


=e (eyeee ete Cheon 


used to develop a functional form for f(T). 


2.4 The Virial Equation 
For the truncated virial equation, 


Pv/RT = 1 + B A(T) 9, eee stil (5a) 


the second virial coefficient, BA(T) is dimensionless through the use of the 


tit «© 


reduced variables, Pp, = p/P. and le T/T es The following relation, 


- 3 
B(T) i By uF Bo/T + B,/T 9 (5b) 


is used to fit the second virial data given in the first part of table 4. 
Excluded data, weighted zero, appear at the end of table 4. From least squares 
analysis, the following coefficients, 


B, 0.3703 0532 B. = -0.6660 5953 


By = -0.9668 8512 


have been determined. The second virials have been used to synthesize P-p-T 
data, to calculate saturated vapor densities via the vapor pressure equation, and 


to make thermal loop computations. 


2.5 The Equation of State 

Figure 2 shows the P-T regions covered by P-p-T data of Beattie, et al. [2], 
Kay [44], Olds, et al. [51], and Haynes [35]. The data of Sage, et al. [64] are 
excluded from tnis figure and are not used in the fit, since they are superseded 
by data of Olds, et al. [51]. These P-p-T data for normal butane are also 
summarized in Appendix D and table 7. Data from the virial equation along a low 
density isochore are included in the fit. Equal weightings of unity have been 
given to the data sets [2,35,44,51] used in fit. 

The nonanalytic equation of state used here originates on the liquid vapor 
coexistence boundary, as described in detail by Goodwin [26,29]. Twelve least 
Squares coefficients appear in the vapor pressure and orthobaric density 
equations. In the equation of state there are four nonlinear parameters and only 
three least squares coefficients, as described below. The equation has been 
modified from earlier forms [26-29]. For any density (isochore) the coexistence 
temperature, T,(0)s is obtained by iteration from eqs (3) and (4) for the 
orthobaric densities. The vapor pressure, PUT (o)], thus is a function of 
density, and the equation of state has the form, 


P= Plo) = p eR [T= T (o)] + ORT AF(o.T) (6) 
where 
F(est) -= =Blo)*olosT eri C(o)= ¥(o.1)) (6a) 


The density, Pant p/P as is reduced at the critical point, while the constant 
R is defined by R = (0.0083145)-p., MPa/K. 
The temperature-dependent functions in (6a) are defined as follows. 


o(0,7) = Teeexp[b+(1 - T./T)] - (T)” ; (6b) 
where b = (1 - 8) + (1 - g)!/2, T. = T/To, and (Ta) = TT (o)/T,s 
Vp, 1) = lo Tye) = 1, (6c) 


where v,(0) is obtained from w(o,T) merely by replacing T with T, fo). and 


v(o.T) = 1T- (w-w'Mm)/(1 - Wn). (6d) 


The value for 8 was found by trial, while the value for n was determined from 
critical region behavior. 


Wo) By El Suey) oc (6e) 
where 0(o) is a locus of temperatures inside the coexistence envelope defined by 
T,(0) eexpl-a-f(o)] , 


and (6f) 


len 1P/((o,) - ine 
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(o,) = P,/0, is the reduced density at the liquid triple point. The parameter 
, 


a is found by trial. 
The density-dependent coefficients in (6a) are 
B(p) = B, + Bytp- (69) 
taal 2 ue g 
and 


- 1)+(0, = C,)eexpl-y-o4] (6h) 


r 


where Cy and y are to be found by trial. 
Parameters and coefficients of eq (6) for normal butane are 


a= 1, B = 0.70, y = 0.14, i) oll 
By = 0.4565 5869 162 Cy = 202 
Bo = 0.1714 3942 370 C, = -0.2803 6114 629 


Table 5 gives behavior of coefficients B(p), C(o) as a function of density 
and table 6 gives behavior along the critical isotherm. (In table 6, the symbol, 
Py te is defined as the density reduced by the triple point density.) These 
tables show that the equation is smooth and well-behaved. Table 7 summarizes 
experimental compressibility data and presents deviations of experimental 
densities and pressures from values calculated from the equation of state. 
Although the data of Sage, et al. [64] are not used in the fit, comparisons with 
these data are presented in table 7. These data show systematic differences of 
approximately 1 percent when compared in regions of overlap with the results of 
Kay [44], Olds, et al. [51], and Haynes [35]. 

For normal butane, there are four comprehensive sets of liquid and gaseous 
compressibility data covering a temperature range from 140 to 600 K at pressures 


as high as 70 MPa that are internally consistent within a few tenths percent in 
regions of overlap. Using these data sets, the present equation yields a 
slightly better fit than that obtained from a slightly different equation used in 
the provisional work [28] for which the low temperature data were not available. 
In the earlier work, the single phase results at temperatures less than room 
temperature were obtained by extrapolation. Thus, a significant improvement has 
been made in the P-p-T behavior of normal butane at low temperatures. 

It should be noted that the functional form of the equation of state used 
here for normal butane has also been used in current work for propane [30] and 
isobutane [31]. Identical nonlinear parameters except for insignificant 
differences in y, have been obtained for all three fluids in fitting this 
equation to available P-p-T data. 


2.6 The Ideal Gas Functions 
A formulation of the spectroscopic specific heats, c°(T), of Chen, 
et al. [12] has been developed. Using X= T/100, 


5 ; 
clr ~4 = exp(-e/x,) 2 A. °x P (7) 


where R = 8.31434 J/(mol*K) and 


€ = 2.3] Ay = 207 .27-9067 
BS 41.110973 An = ~-170.730596 
Ao = -139.304011 Ag = 40 .032171 


Table 8 shows the fit of data used. In this table, the values for (H-H") 
and for S° are obtained by numerical integration, starting at T = 300 K. 
Table 9 gives interpolated values at integral temperatures. 


2./ Thermal Loop Computations 

At temperatures from the triple- to the normal boiling-point, new data have 
been derived for vapor pressures, saturated vapor densities, and for heats of 
vaporization by thermal loop computations for AH and for AS of saturated vapor 
and saturated liquid. This procedure described by Goodwin [29], and more 
generally by Yarbrough and Tsai [75] uses virial eq (5a), ideal gas functions 
eq (7), the heat of vaporization of Aston, et al. [1] at the normal boiling 
point, and the following new formulation of the specific heats of Aston, 


et al. [1] for the saturated liquid from the triple- to the normal boiling-point. 
Define x, (T) = T/100; then the saturated liquid specific heats, C.(T), in 
J/(moleK), are given by 


é ba? 
C (7) = a/ x, +bt+e Xe d ie 


(3) 


where, from least squares analysis, the coefficients, in units of J/(mol*K), are 


as follows: 
a = -104.7430 Gy = 97 22492 
b = 284.0264 di =s= 20.6032 


Results for the vapor pressures appear in table 1 at ID = 80, and for the 
heats of vaporization in table 10 at ID = 80. Saturated vapor densities from the 
thermal loop computations are replaced in table 3 at ID = 40 by derived data from 
the fitted vapor-pressure eq (2) and the virial eq (5a). 


2.8 The Heats of Vaporization 
Table 10 shows the fit of selected data. Those at ID = 80 are derived via 
thermal loops (section 2.7). Those at ID = 41 are from the Clapeyron equation. 


The formulation of these heat of vaporization (Q ) data in kJ/mol uses argument 


vap 
paet 1) /(T. - 1;)s 
4 e € e e e 2 
Qvap = A, x + (x = x) [A, + A. x + Aa ord ane (9) 

where 

€ = 0.34 A, = 12.710873 

A, = 28./89248 Ag = -16.533537 

Ay = 24.163103 


The coefficients have units of kJ/mol. The uncertainty of at least one percent 
in Qvap 
in this region, since Qvap is used to compute across the "dome." 


at the higher temperatures will affect compressed liquid thermofunctions 


2.9 Saturated Liquid Enthalpies and Entropies 

Data for saturated liquid enthalpies and entropies have been derived at 
temperatures from the triple- to the critical-point by use of the ideal gas 
functions, the equation of state, and the formulated heats of vaporization. The 
enthalpies then have been formulated, as shown in table 11. Define the 
variable, 


then the enthalpies, HoT is are described in J/mol by 


8 ; 
fe € F Malle! 
(Hm Ha) CH He) ice Xe gles i) ry Ax ; (10) 

where € = 0.29, He = 0.001 J/mol, He = 45399.788 J/mol, and 
A, = = 0.1929" 77338 Ag = 2.8727 89244 
A, = 0.3998 98449 Ae = -4.0526 10155 
Ay = -0.0549 93612 A, = 2.6963 77850 
Ay = -1.0205 68625 Ao = -0.6834 38899 


The formulation of saturated liquid entropies in J/(mol*K) is shown in table 12. 
Let x = (Te - my. - T,) ; then the entropies, S(T)» are given in J/(moleK) 
by 
€ : i-] 
= Si (Se oa ex axe De PIN oy (11) 
i=] 


where € = 0.23, S = 133.54372 J/(mol*K), So = 297.64652 J/(mol*K), and 


A, = 0.08883 44435 Ag = -0.95683 28496 
Ao = -0.34703 04947 As =) «0.957997 92545 
A3 = 0.20937 24392 a = -0.65346 07056 


Specific heats along the saturated liquid path follow from the relation, 
C(T) = Teds /dT, and are given in the last column of table 12. All of the 
above saturated liquid formulations for H(T) S(T); and C(T) are used to 
compute thermodynamic properties for compressed liquid states at T < Tc. 


2.10 Dielectric Constants 

Dielectric constants, e€, for the saturated vapor of normal butane are 
estimated from the refractive indices, n, of Sliwinski [67] via e = n°. (These 
low density data are in a region for which dispersion effects should be minimal.) 
Haynes [35,38] recently has measured ce for the saturated liquid at temperatures 
from 135-300 K and for the compressed liquid at presures to 35 MPa along 
isotherms up to 300 K. These data and their formulation via the 
Clausius-Mossotti function, 


10 


Chee (eran Cert )al/on 7 (12a) 


are presented in table 13. The following formulation has been used to fit the 
data in table 13 and to calculate € along isobars (table 21) at temperatures 
extrapolated up to 450 K, and at pressures up to 70 MPa. Define the variables, 
> i/T, and 9, = Bile co ula with P in units of MPa, the Clausius-Mossotti 
function, in units of cm /mol, is given by 


h ne B 
CMF = A, + Ao P. + A. P. + Ag/T + Ar P/10 (12b) 
where 
A, = 20.654382 Ay = -0.0392 1649 
Ay 0.2512 9317 Ag = -0.0116 4552 
A. = -0.0972 3048 


The least squares coefficients have units of cm? /mol. Data at high pressures 
have a diminished weighting as seen in table 13. The rms relative deviation for 
152 points is 0.083 percent for the CMF and 0.017 percent for the dielectric 
constant. 

Comparisons with dielectric constant data for liquid normal butane not used 
in the fit to eq (12) are not presented in table 13. The dielectric constants 
of Thompson and Miller [70] and Luo and Miller [47] at temperatures between 220 
and 289 K agree within 0.1 percent with values calculated from eq (12). 

3. Computational Methods 

The numerical values for E and H in this report are based on the assigned 
value, E = 0 at the liquid triple-point, obtained by use of the arbitrary value, 
E = 22644.306 J/mol. Specific heats of Aston, et al. [1] could be integrated 
to give the solid at T = 0 as reference state. 


3.1 The Homogeneous Domain 

The homogeneous domain of figure 1 includes all regions which can be 
attained along isotherms starting at zero density without crossing the 
vapor-liquid "dome," and without passing very close to the critical point at 
> ead 

Computations start with ideal gas thermodynamic functions at zero density, 
and then continue by integrating numerically along isotherms by use of the 
equation of state in the following relations, 
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aE = Of [Pp - Te(ap/at)Iedo/p* , (13) 


AC es f (32P/aT*) do/o” ‘ (14) 
¢) 

AS = ReSn[P°/(oRT)] + f IR - (aP/2T)/o]-do/p (15) 
<6) 


Equation (15) is for use with initial entropies in hypothetical ideal gas states 
at P° = 1 atm (0.101325 MPa). For all other initial states, 


aS = - ff (aP/at)-dp/o” . (15a) 

In each (p,T) state, reached by above integrations, the following are computed, 
Hoe Be Pinye (16) 
a 2 2 
Cy sper di Te(aP/aT)"/(8P/ae)/p sy i) 
and 
We = C_*(aP/ap)/C (18) 
p Wag: 


3.2 The Saturated Liquid 
At temperatures from the triple-point to the critical—point, thermofunctions 
for the saturated vapor are obtained via eqs (13) through (16). Then eq (9) for 


the heat of vaporization, Q » is used to compute 


vap 
AW Ts oe Oe AS = AH) oe (19) 


such that the free energy of vaporization, AG = AH - Te*AS, is zero (see 
section 2.9). Having obtained H and S for the saturated liquid, E = H - Peyv is 
computed. 

The single-phase specific heat, Cy(o.T). at the saturated liquid boundary, 
is obtained from eq (11) using C (7) = TedS /dT and the thermodynamic relation, 


Cy(o,T) = C,(T) + T+(aP/2T) *(dpp/dT)/04 (20) 


where Py is density of the saturated liquid. Values for C(p 57) and W(p,T) on 
this boundary follow from eqs (17) and (18). For liquid at the normal boiling 
point, the following values have been obtained, 
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Th ZUASOSIAGS H 16770.1 J/mol, 
ED 16760.3 J/mol, 218.485 J/(mol*K). 


(Ca) 
i 


3.3 The Compressed Liquid 

Starting with above values for E, S, and CY on the saturated liquid 
boundary, eqs (13), (14), and (15a) are used to integrate along isotherms, and 
then H, Coe and W are obtained via eqs (16), (17), and (18). 


3.4 Fugacity Coefficients 

The fugacity coefficients in table 21 were computed along isotherms relative 
to properties in hypothetical ideal gas states at a pressure, p° = 1 atm 
(0.101325 MPa), 


ChiPen= MiPaAP) exp LAG/RIe - (21) 
For any (P,T) point, the isothermal free energy change is 


0) 


NGS E.) Bo PaCS Soh. 5 (22) 


in which tne arbitrary value of a was added to tabulated values of H(P,T) 
such that E(P,T) = 0 for liquid at the triple point. 


3.5 Simplified Computation 

Given the subroutines of Appendix E, it is necessary first to call 
SUBROUTINE PVTDATA, to place constants in common statements. To obtain the 
density in mol/L at a given T,K and P,bar, it is necessary merely to write the 
instruction DEN = FINDENF(T,P) for single-phase domains. Coexisting densities 
are given by the functions DENGASF (T) and/or DENLIQF(T), and the vapor pressure 
in bar by PSATF(T). 

For tnermodynamic properties, the subroutine SIMPLE here is an example of 
how to use the general subroutine THERMO (see Appendix E). 


4. Tests and Conclusions 

In the provisional report [28], comparisons were made between enthalpy 
- differences from that work and those from the correlation of Das, et al. [21]. 
Since the results from the present work are approximately equivalent to those 
from the earlier report at temperatures above 300 K, these comparisons, along 
with some consistency tests, are omitted in this report. 


is 


It has been a routine procedure to validate equation of state computations 
by comparing calculated and experimental specific heats and sound velocities. 
For normal butane, there are only a few experimental specific heats and sound 
velocities available, most of which are unreliable. Comparisons with available 
data are presented in tables 14-16. 

In the present work, an isochoric, nonanalytic equation of state has been 
developed, based on thermophysical properties data, to compute thermodynamic 
properties of normal butane. This equation originates on the liquid-vapor 
coexistence boundary; approximately twelve constants are used in the vapor 
pressure and orthobaric density equations. The equation, as used here, has only 
three least squares coefficients and describes a P(o,T) surface free of 
irregularities consistent with the known behavior of specific heats, especially 
in the critical region. Four nonlinear parameters appear in the equation. 

For normal butane, the equation of state has been developed from 
comprehensive and consistent sets of vapor pressure, orthobaric vapor and liquid 
density, and compressibility data. In general, the experimental data for these 
properties over the range of this work are in relatively good shape except for 
low temperature vapor pressures and vapor densities for which values have been 
determined from thermal loop computations. However, as mentioned earlier, 
accurate specific heat and sound velocity data are needed for comparisons with 
computations from the equation of state. 


5. Tables of Physical and Thermodynamic Properties 


5.1 Calculated P-p-T Isochores and Isotherms 

Tables 17 and 18 give a selection of isochores and isotherms computed by 
equation of state (6). These are essential to examine behavior of the P(o,T) 
Surface. They are a useful supplement to the isobars of table 21 for 
interpolating P-o-T values and their derivatives. 

The tables of isochores show that the isochore curvatures are qualitatively 
consistent with a maximum in the specific heat Cy(o.T) at the critical point. 
The isotherm tables show that oP/dp is nonnegative and that pressure increases 
monotonically with density along isotherms. 


5.2 The Joule-Thomson Inversion Locus 
Table 19 gives the P-p-T locus of the JT inversion, (9T/aP),, = 0, 
obtained from equation of state (6) under the condition, T-(3P/aT) = p*(dP/ap). 


14 


This table has been computed to temperatures well above those of P-p-T data, to 
show approach to a maximum in P-T coordinates. 


5.3 Thermophysical Properties of the Saturated Liquid 

Table 20 gives physical and thermodynamic properties of the saturated liquid 
computed by methods of section 3. (Properties of the saturated vapor can be 
obtained from Table 21 from values given at the coexistence boundary for each 
isobar.) 


5.4 Thermophysical Properties Along Selected Isobars 

Table 21 gives physical and thermodynamic properties on isobars, computed by 
methods of section 3. These tables are extrapolated above the maximum 
temperature and pressure of P-o-T data used for adjusting the equation of state. 
Small discontinuities may be detected at Ue = 425.16 K along isobars at 
> Be = 3.796 MPa due to a change in the paths of computation (section 3). 

The first line of each table refers to freezing liquid on the P(T) melting 
lineewneach table at P < Re contains a blank line for the transition from 
saturated liquid to vapor, as seen by the abrupt decrease of density. Dielectric 
constants are extrapolated above maximum experimental temperatures and pressures 
(see section 2.10 and table 13), but have not been extrapolated above 450 K. 
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APPENDIX A. Symbols and Units 
Subscripts c and t -refer to critical and liquid triple points. 
Subscripts g and & refer to saturated vapor and liquid. 


Subscript o refers to liquid-vapor coexistence (usually the liquid). 
Subscript r refers to reduced parameter. 

Subscript o refers to reference state property. 

Subscript m refers to melting line. 

Subscript b refers to normal boiling point. 


Superscript o refers to ideal gas state property. 
expt refers to experimental value. 
calc refers to calculated value. 


(oP/2T), isochore derivative, MPa/K 

(3P/dp)+ isotherm derivative, MPaem*/kg 

(a¢P /aT?) isochore curvature, MPa/K@ 

a.6.Y.n nonlinear parameters in the equation of state 
a,b,c,d,e,f coefficients defined in various equations 

Ag Z. - 1 in saturated vapor density equation 


coefficients defined in various equations 
(l= 6) (1 = g)!/2 in equation of state 


A 

b 

B(o) .C(o) density-dependent coefficients in the equation of state 
BL) Gm) second and third virial coefficients 

Bal I) Ce) reduced second and third virial coefficients 

Cc exponent in Simon equation 

Cl(O5i) molal heat capacity at constant volume, J/(moleK) 
Cy(e.T) molal heat capacity at constant pressure, J/(mol eK) 
Can) molal heat capacity for saturated liquid, J/(moleK) 
CMF Clausius-Mossotti function, cm3/mol 

E(O51)) the internal energy, J/mol 

BP 22,644.306 J/mol (arbitrary) 

€ exponent in various equations 

€ dielectric constant 

#/P fugacity/pressure ratio 

f(o) used in definition of o0(p) 

(IP) defined in saturated vapor density equation 

F(p,7) defined in the equation of state 

F(Z) defined in the saturated vapor density equation 
G(p.T) Gibbs free energy, J/mol 

Ho enthalpy for ideal gas state at T = 0 
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APPENDIX A. (Continued) 


Hi Osh) the enthalpy, J/mol 

J the joule, | Nem 

Jif Joule-Thomson 

L the liter, 1072 mr 

mol 58.1243 grams of normal butane (cl@ = 12 scale) 

w(p,T) defined in the equation of state 

P pressure, MPa 

oa melting pressure, MPa 

Pail) the vapor pressure, MPa 

Pile) Polley ds vapor pressure as a function of density 

n( T) PAP 

glOs 1) function in the equation of state 

y(o,T) function in the equation of state 

Qvap MH vans the heat of vaporization, J/mol 

r(l) the gas constant, 8.3145 J/(mol*K), 0.0083145 MPa*L/(mol°K) 

R- 0.0083145+p., MPa/K 

0 density, kg/m? 

Dr P/Pes density reduced at the critical point 

Prot o/p;, density reduced at the triple point 

Siio4 } the entropy, J/(mol*K) 

if temperature, K 

To constant 

i T/T,, temperature reduced at the critical point 

Tye) liquid-vapor coexistence temperature, K 

ite) TAO) Wes reduced temperature at coexistence for the equation 
: of state 

8(p) defined locus of temperatures 

u(T) defined in various equations 

V 1/p, molar volume, m3/kg_ 

W(p,T) the velocity of sound, m/s 

x(T) T= TR Te, ali) 

X(T) T/100 

Z compressibility. factor 


(1) The gas constant is increased slightly in value from earlier work in view 
of the recent report of Rowlinson and Tildesley [60]. 
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APPENDIX B. Conversion of Units 
In the following table the molecular weignt of normal butane is given by 
MOleawGer= 59.1243 g/mol. Also, | cals, = 1 cal (thermocnemical) = 4.184 J 
and 1 BIU,~ = 1 BIU (International Table) = 1055.056 J. 


1} 
To convert from e 2 BRIO Multiply by 
Pressure, MPa bar Woe 
atm 9.86923 
kg/cm@ 10.1972 
1b/in? 145.028 
Volume, m° liter (L) 1000. 
ft? 35.3147 
Density, kg/m g/cm? 0.001 
mol/L 1./ (mol. wt.) 
1b/ft? 0.062428 
Molar energy, J/mol MPa-m>/kg 0.001/(mol. wt.) 
bareL/mol 0.01 
cal,),/mol 0.239006 
BTUy7/1b 0.429923/(mol. wt.) 
Molar entropy, J/(moleK) BTUy7/(1b+°F) 0.238846/(mol. wt.) 
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APPENDIX C. Fixed-Point Values for Normal Butane 


Critical Point 


Po = 3.7960 MPa 
Po = 227.85 kg/m? (3.92 mol/L) 
Tposas2oal6, K 


Normal Boiling Point 


P = 0.101325 MPa 
T = 2721636. x 
Py = 2.709 kg/m? (0.04661 mol/L) 
Pp = 601.09 kg/m? (10.341 mol/L) 
Triple Point 
P, = 6.7358 x 107! MPa 
T, = 134.86 K 
py = 344918 x 107° kg/m? (6.0071 x 1077 mol/L) 
Py = 735.27 kg/m? (12.650 mol/L) 
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APPENDIX D. Normal Butane Properties Reference Index 


Melting Line Date Pressure Range, MPa 
Reeves [59] 1964 200 - 1000 
Vapor Pressures Date Temperature Range, K 
Seibert [66] 1915 303 - 403 
Dana [19] 1926 255 =, 331 
Delaplace [22] 1937 135 = 15] 
Sage [64] 1937 294 - 394 
Beattie [2] 1939 348 - 423 
Aston [1] 1940 195 - 273 
Kay [44] 1940 325) ="ilic 
Wackher [74] 1945 205 - 279 
Tickner [71] 195] 136 - 196 
Connolly [15] 1962 344 - T, 
Hirata [39] 1966 333 - 401 
Carruth [11] 1973 [SBS 218 
Thermal loops (This report) 1982 les, 270 
Saturated Liquid Densities Date Temperature Range, K 
Dana [19] 1926 273 - 329 
Confirm 213i] 1928 239 - 306 
Van der Vet [73] 1937 283 - 323 
Sage [64] 1937 294 - 394 
Kay [44] 1940 320 a ialiG 
Benoliel [6] 1941 213 - 293 
Carney [10] 1942 228 - 333 
NGAA [69] 1942 (RAL TS SSS} 
Olas Loy 1944 311 - 411 
Foehr [24] 1949 293 
Connolly [14] 1956 293 - 298 
Sliwinski [67] 1969 283 - 368 
Kahre [42] 1973 289 - 328 
McClune [49] 1976 KoSe—"ol73 
Haynes [36,37] 1976 135 - 300 
Crete 58] 1978 1355— 275 
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APPENDIX D. (Continued) 


Saturated Vapor Densities Date Temperature Range, K 
Dana [19] 1926 281 - 321 
Sage [64] 1937 294 - 394 
Kay [44] 1940 325) lle 
Olds i514 1944 31a 
Sliwinski [67] 1969 283 - 368 
Virial/vapor pressure equations (This 1982 sey 27/0) 
report) 
Virial Coefficients Date Temperature Range, K 
Sage [64] 1937 311 - 394 
Beattie [3] 1939 423 - 573 
Kay [44] 1940 311 - 589 
Beattie [4] 1942 423 - 573 
Olds [51] 1944 311 - 511 
Kretshmer [45] 1951 303 
Gunn [33] 1958 344 - 511 
Connolly [15] 1962 344 - 444 
McGlashan [50] 1962 296 - 413 
Tripp [72] 1962 283 = 323 
Kapallo [43] 1963 244 - 321 
Bottomley [8] 1964 273 - 426 
Jones [41] 1967 368 - 498 
Strein [68] 197] 296 - 498 
Bottomley [7] 1977 316 - 580 
Compressibility Data Date RangenOn. Wak Range of P, MPa 
Sage [64] 1937 294 - 394 0.1 = 720k 
Beattie [3] 1939 2 eo 07S 1.5° = 936m 
Kay [44] 1940 311 - 589 O62. = sp8e8 
Olds [51] 1944 Ses eo! 0.07 - 68.9 
Haynes [35] 198] 140 - 300 Pe =) 36ri 
Virial equation (This 1982 300 - 700 O62 =" 1 086 
report) 
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APPENDIX D. (Continued) 


Specimie Heats Date Type Rangexofiel. kK 
Dana [19] 1926 Co (7) 257 - 294 
Huffman [40] 193i Can) 140 - 262 

Sage [65] 1937 Cy (7) 294 - 411 
Aston [1] 1940 Ga) 140 - 268 
Dailey [18] 1943 CH (T) 345 - 693 

Chen [12] 1975 C5 (T) Spectroscopic 
Heats of Vaporization Date Temperature Range, K 
Dana [19] 1926 (Uf) 2S) 

Sage [64] 1937 294 - 394 

Das [20] 1967 273 - 420 

Das [21] 17s 280 - 420 
Thermal loops (This report) 1°82 i - 270 
Clapeyron equation (This report) 1982 140 - 420 

Sound Velocities Date Temperature Range, K 
Rao [58] 1971 143 - 268 
Dielectric Constants Date Temperature Range, K 
Sliwinski [67] (index of refraction) 1969 283 - 368 
Thompson [70] 1980 228 

Luo [47] 1981 220 - 289 
Haynes [35,38] 1981 135 - 303 
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APPENDIX E. Computer Program 


PROGRAM NBTHRMB ( INPUT,OUTPUT) 
¢ REVISION OF NBUTANE THERMOFUNCTIONS, RDG/NBS, START MAR. 26, 1981. 
COMMON GK,GKK, B1,B2,B3,B4,85, C1,C2,C3,£1,E2,E3, ER, Ix 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,DTHDR ,DDSDT 
COMMON/4/X%B1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/9/ DNG,EG,HG,SG, CVG,CPG,WG, DPGDT,DPGDD 
COMMON/11/ DELS, DELCV 
COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
COMMON/21/ TPS(70) 
COMMON/95/ PIS, DIS, DPTIS, DPDIS 
COMMON/99/ TI,EZZ, EZ,SZ,CVZ, HZ,CPZ 
DIMENSION HZA(70), SZA(70), PP(99) 
DATA (WM=58.1243) ,(PA=1.01325) ,(GJ=8.3145) 
FORMAT(15, 2F10.0) 
FORMAT(I5, 3F10.0) 
FORMAT(8110) 
FORMAT (1X) 
FORMAT(8F10.0) 
FORMAT(1H1 13X * NBUTANE ISOBAR AT P =* F10.6, 4H MPA / ) 
FORMAT( 9X1HT 8X3HDEN 9X3HDEN 8X1HZ 5X5HDP/DT 5X5HDP/DD 
2 8X1HE 8X1HH 8X1HS 6X2HCV 6X2HCP 9X3HF/P 5X1HW 4X5HDIEL. / 
3  9X1HK 6X5HMOL/L 7X5HKG/M3 9X 5X5HMPA/K 1X9HMPA-M3/KG 
4 4X5HJ/MOL 4X5HJ/MOL 2X7HJ/MOL/K 1X7HJ/MOL/K 1X7HJ/MOL/K 
5 12X 1X5HM/SEC 4X5HCONST ) 
17 FORMAT(1X F9.3, £11.4, £12.5, F9.5, F10.6, F10.5, 
1 2F9.1. F953. 2F8..2, E1254 16. F925) 
20 FORMAT(1H116X*TEST IDEAL FNCTNS*/17X 3HT,K 7X3HHZA 7X3HSZA ) 
21 FORMAT(10X F10.2, F10.1, F10.3) 
80 CALL PVTDATA 
CALL PEEK $ CALL ISOTHRM 
COMPUTE THERMOFUNCTIONS ON ISOBARS. START ON THE MELTING LINE. 
NOTE, ISOBAR P=PCRT OK, BUT ISOTHERM T=TCRT IS EXCLUDED. 
ISOBARS AT P UNDER PCRT TRAVERSE THE DOME. 
NOTE USE OF QVAP ,DATA, TO CROSS THE ,DOME,. 
NOTE USE OF CSAT ,DATA, FOR SPECIFIC HEATS IN COMPRESSED LIQUID. 
NOTE TPS(IK) USED BY COMPRES. 
GET FUGACITIES: F/P, .VIACHES, HZ(1)),SZCTice “GPSELY):. 
SAVE HZA(70), SZA(70) FROM 90 THRU 700 K. 
85 DO 86.J=9.70°-$ Tl°= 10*). “$e (CAULAIDEAI Ss HZAG = ehiZ 
86 SZA(J) =.SZ 
C87 PRINT 20 $0088: J=9. 700 $0 Tea lrg 
€ 88 PRINT 21. 1722 HZA(0)2 SZAGH) 
89 CALL JTLOCUS. $ CALL. TABLIO 
90 IN= 1 $ NI = 57. $ “READ 9, (PP(1).1=1,NI) 
91° DO. 300) T=INNT $9 1K = eS) eS s=0 
92 Po =) PP(1): $0 1R(1 20-26) P= PERT 
93 PK = P/10 $ PRINT 14, PK $ “PRINT 16 


DP WO NWP Fe 


ae 


Qi@:G! @ GGG G 


100 T = FINDTMF(P) $ CALL COMPRLQ $ V=1/DEN $ IW=W 
101 Z = P/DEN/GKK/T* $. DIE = DIELR(DENS TP) 

102 TI = T $ CALL IDEAL $ GIB = H-EZZ-HZ - T*(S-SZ) 
103 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
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OA PRN ele DENE DI Ss DPS DPDITSs OE honCY CP. FOP TW DIE 
NOS Ono l(a PERT) 110) 180 
CASES FOR P LESS THAN PCRT. 
OO MIPS(NK) = iS c= RINDTSE(P) $ Keb = 0 
OO MISO N= 599 $) T= Jl = LO*( 1140) 
U2 WEP SUS) alse 7 
113 CALL COMPRES $ V = 1/DEN $ IW=W 
114 Z = P/DEN/GKK/T $ DIE = DIELF(DEN,T,P) 

M=JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M) ) 

XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
PSPs DEN DIS. .DP TTS) DPDIS: VES H.ssCVsCPs. FOP IW DIE 
Om GO 0150 
eS wes lk S$ EES BOR) 1202130 

CASE FOR SATURATED LIQUID AND VAPOR. 
120 T= TS $ CALL COEXIST $ V=1/DEN $ VG=1/DNG $ IW=W $ IWG=WG 


121 Z = P/DEN/GKK/T $ ZG = P/DNG/GKK/T 
122 DIEL = DIELF(DEN,T,P) $ DIEG = DIELF(DNG,T,P) 
sei = i S) CALL IDEAL $  (GIBe= H-EZZ-HZ —1*(S=SZ) 


124 FOP = EXP(GIB/GJ/T)*PA/P $ CALL CON 
125 PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIEL 
126 PRINT 5 $ DIS=DNG*WM $ DPTIS=DPGDT/10 $ DPDIS = DPGDD/10/WM 
127 PRINT 17, T,DNG,DIS,ZG,DPTIS,DPDIS,EG,HG,SG,CVG,CPG,FOP,IWG,DIEG 
123 yy Sedir 
CASES FOR THE HOMOGENEOUS DOMAIN. 
Ome heGn.500)) 131.132 
IKK T=  UtOsK” $i TR(JnsGns700) 300,132 
NS2eCALE GENIUS $ V=1/DEN $ IW=W $  Z =) P/DEN/GKK/T 
(8th .Gil.450) 134,135 
SADE T=) 0 $ GO 10136 
135 DIE = DIELF(DEN,T,P) 
136 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 
137 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
141 PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIE 
150 CONTINUE 
FOR P.GE.PCRT, CASES FOR T.LT.OR.T.GT.TCRT. 
180 TESCO) SACRE S Sk al 
SiON Z25Ond=4.99. $ 1 = JT 
182 IF(7.LT.TCRT) 190,210 
CASE A FOR T LESS THAN TCRT. 
190 CALL COMPRES $ V = 1/DEN $ IW=W 
191 Z = P/DEN/GKK/T $ DIE = DIELF(DEN,T,P) 
192 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 
193 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 
194 PRINT 17, T,DEN,DIS,Z, DPTIS,DPDIS, E,H,S,CV,CP, FOP,IW,DIE 
195 GO TO 250 
CASE FOR T ABOVE TCRT, HOMOGENEOUS DOMAIN. 
210 ie(P Crs S00) Zul S220 
ihe Klee = sedi + lOSK CS: © TE Gie7OO)NS00 ,220 
220 CALL GENIUS $ V=1/DEN $ IW=W $ Z = P/DEN/GKK/T 
22 MIP TeGinet50)) 222,223 
222) Die =O S GO, 10).224 
223 DIE = DIELF(DEN,T,P) 
224 M =JT/10 $ GIB = H-EZZ-HZA(M) - T*(S-SZA(M)) 
225 XP = EXP(GIB/GJ/T) $ FOP = XP*PA/P $ CALL CON 


= 10 
= 10*(IT+J) 
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CaiG) Ga G@) 


226 PRINT 17, T,DEN.DIS;Z5, DPTEES, DPDISs Esha s CVs Cem EOP WED NE 
250 CONTINUE 

300 CONTINUE 

999"STOR = f= END 


SUBROUTINE COEXIST 

GIVEN T AT COEXISTENCE, GET BOTH VAPOR AND LIQUID FUNCTIONS. 

FOR VAPOR, GET DNG,EG,HG,SG, CVG,CPG,WG, DPGDT,DPGDD, - 

FOR LIQUID, GET: DEN, EH, S.- CV CPO CSATAW. DPD DPDD: 

COEXIST CALLED BY COMPRLQ. P NOT USED, MUST NOT CHANGE. 
COMMON/1/AL ,BE,GA,DE,EP,ET, DCRT,TCRI,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/9/DNG,EG,HG,SG, CVG,CPG,WG, DPGDT ,DPGDD 
COMMON/11/ DELS, DELCV 
COMMON/997 TISEZZ: EZ,SZ50VZ, WZ CPZ 
DATA (Q=1.01325) , (G=0.083145) 

FORMAT(1HO' “9X _*T EXCEEDS “TERT: IN" COEXISI 7) 

TE(T2Gh2erGRT). 9354 

PRINT 20° ':S2> © StOP 

PS = PSATF(T) $ DNG = DB = DENGASF(T) 

Th = 7 -$ CALL’ IDEAL s $M S25 Sr DAC rE 
EG = EZZ + EZ + EDELF(L, Mt DA,DB) S$ HG. = 
SG = SZ + DELS - 100*G*ALOG(G*T*DB/Q) 

[FCT EQ. TCRT ) 29S 1 

PX = PVTF(T,DB,1) $ DPGDT = DPDT $ DPGDD = DPDD 

10. CPG = CVG =.WG =-0* $ GO 10°15 

L1°CVG = CVZ-4+ DELCY $ PX" = PVIE GT DB a1) 

12 CPG = CVG + 100*T/DPDD*(DPDT/DB)**2 $ WG = SQRT(WK*CPG*DPDD/CVG) 

13 DPGDT. = DPDT’ $. DPGDD = DPDD 

NOW TRAVERSE THE ,DOME, USING QVAP ,DATA,. 
15 DEN = DL = DENLIQF(T) $ DDLDT = DDSDT $ QV = QVAPXF(T) 
16 WH = HG =QV) <$)°S = *SGi=. OV/ie. $20 E. =" Hit 1O0sPS/DE 

THIS RETURN AT 16+ USED ONLY WHEN CALLING SSATFIT, HSATFIT. 

17 TECTZEO ICRI) 189 

18 PX = PVTF(T,DL,1) $ CP=CV=CSAT=W=0 $ RETURN 

19 CSAT. = CSATXF(T)2 $ PX-= PVIR(T DES 19 

22 CV = CSAT + 100*T*DPDIT*DDLDT/DL/DE 

23 CP) = CV + 100*1/DPDD*(DPDT/DB)s*2 

30 W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


= 0 
EG + 100*PS/DB 


OBNANHwWNMer 
ei (OL | reel oe LI 


SUBROUTINE COMPRES 

SAVES COMPUTER TIME INTEGRATING COMPRLIQ AT T.LT.TCRT. 

FOR T = INTEGER MULTIPLES OF 10 K. FIRST ISOBAR USES COMPRLQ. 

FOR SUCCEEDING ISOBARS, START ON PREVIOUS ISOBAR, EXCEPT - 

AT TEMPS GE TPS(IK-1) ON PREVIOUS ISOBAR, MUST USE COMPRLQ. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR ,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/11/ DELS, DELCV 
COMMON/21/ TPS(70) 

DIMENSION DK(50) ,EK(50) ,SK(50) ,CK(50) 
1 FORMAT(1HO 9X *T G.E. TCRT IN COMPRES. * / ) 
2 F(T -GETCRT) 3,4 
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C 


3 PRUNE 8} SIP 

Ama lO Se TEs OXI) 9556 

5 CALL COMPRLQ $ RETURN 

Gili TKS EOSIN): 7159 

7 CALL COMPRLQ 

8 DK(J)=DEN $ EK(J)=E $ SK(J)=S $ CK(J)=CV $ RETURN 
INTEGRATE FROM OLD DEN TO NEW DEN ON GIVEN ISOTHERM - 
EXCEPT 1h) 1 EXCEEDS" OED TMAX. USE COMPREQ:: 

OP GGee iP S(iK=1 iy GO) 10" 7 


10 DA=DK(J) - DK(J) = DEN = DB = FINDENF(T,P) $ N = 13 
IEE e— EK (od) + EDELPCI NET ,DA,DB))) $ H = E+ 100*P/DB 
eS m="S = FSK(d)) + DEES $  CK(J) = CV = CK(d) + DELCV 


GET NEW 0b/0T, DEADDR NERS. Wie 
TSUIPX, = PYTF(T,DB, 1) $ cP = CV + 100*T/DPDD*(DPDT/DB)**2 
30 W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


SUBROUTINE COMPRLOQ 
GIVEN P,T FOR COMPR.LIQ. AT T.LT.TC, GET DEN AND FUNCTIONS. 
REVISED TO USE HSATF, SSATF, CSATXF, BUT NOT COEXIST. TIMESAVER. 
INTEGRATE ALONG ISOTHERM T FROM SATLIQ UP TO POINT (P,T). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/11/ DELS, DELCY 
1 FORMAT(1HO 9X *T NOT UNDER TCRT IN COMPRLQ.*/) 
Pee (h GE. TCRT) 3,4 
SeeRINT I. $ SmOP 
GET PSAT, DENLIQ, AND SATLIQ FUNCTIONS FOR START. 
WP Se—sPSATE(H) (> DE = DENLIOR(T) $ DDLDT = DDSDT 
CMHSH=eHSAME (ies | ES] HS — 1004PS/DL $ SS = SSATE(T) 
7 VE(T Gn .340) 859 
8 CWS = CYSNEMEH) 8 MeO 10: 10 
9 PX=PVTF(T,DL,0) $ CVS = CSATXF(T) + 100*T*DPDT*DDLDT/DL/DL 
INTEGRATE UP TO POINT (P,T). 
HORDE = "FINDENE (PP) oS). DX°= "DB. = DE’ S$ “TE(DX.GT-0)* 11,20 
ieMe= 14S b= ES + EDELF(12M.T DIL .DB) 
12 H= E+ 100*P/DB $ S= SS + DELS $ CV = CVS + DELCV 
13 PX = PVTF(T,DB,1) $ CP = CV + 100*T/DPDD*(DPDT/DB)**2 
14 W = SQRT(WK*CP*DPDD/CV) $ DEN = DB $ ~~ RETURN 
20 DEN=DL $ E=ES $ H=HS $ S=SS $ CV=CVS $ PX = PVTF(T,DL,1) 
21 CP = CV + 100*T/DPDD*(DPDT/DL)**2 $ W = SORT(WK*CP*DPDD/CV) 
30 RETURN $ END 
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SUBROUTINE CON 
CONVERT TO SI UNITS FOR P, DEN, DP/DT, DP/DD, 
COMMON/3/DPDT ,D2PDT2, DPSDT,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/8/IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/95/ PIS, DIS, DPTIS, DPDIS 
DATA (WM = 58.1243) 
1 PIS = P/10 $ DIS = DEN*WM 
2 DPTIS = DPDT/10 $ DPDIS = DPDD/10/WM 
SERETURNGee SEND 


FUNCTION CSATXF(T) 


33 


HucnzGorG) 


MNANAM1MdIN|M 


DOONAN PWwWNPMrF 


— 


aAPWNMrF 


PRE 
Nr OWOON DOP WNHF 


NBUTANE SATLIQ CSAT, J/MOL/K. 

CONSTRAINED AT TRIPLE AND CRITICAL POINTS. 
Y # (S-SCRT)/(STRP-SCRT), X # (TC-T)/(TC-TT). 

YoaoX + (XE=X)RCAL + A2*X i ASEX2 te. : 

DIMENSION AS(6) 

DATA (NFS=6) ,(ES=0.23) ,( TTRP=134 .86) ,( TCRT=425.16) 
DATA (STRP = 133.54372),(SCRT = 297.64652) 

DATA (AS = 0.08883444348, -0.3470304947, 0.2093724392, 
1 -0.9568328496, 0.9579992545, -0.6534607056) 


FORMAT(LHO 9X *CSATXE 57 1.GiTCRi one /) 

IF(TCRT-T) 3,4,5 

PRUNT le Svs ShOR. 

CSATXF = 0 ..$ RETURN 

XN=TCRT-TTRP $ X = (TCRT-T)/XN $ DXDT = -1/XN $ SN=STRP-SCRT 
XE"= XE*ES $V S XE) Ko $e Vy Se SEXE/ Xe — al 

Z1%2027=90 '$. DO. SKS NES. Schnee eri BGs XL aXe ale 
DSL PASC KY AXE Se 2a Zee AST Rex K 

CONTINUE: “Sx °DSDT= SN*(L* 2 VAZ1 e147) ~DXOD 

CSATXEs =) TDSDT., 2 $; yRETURNE “SEND 


FUNCTION DELTAF(T,D) 

GET (T*DP/DT - D*DP/DD) FOR THE J-T INVERSION CURVE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TIRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,DTHDR DDSDT 
DRC T—TERT) 2.2404 
DL: = DENLTOR(H) S$. 7 1F (DED) 323.4 
DELTAF = 1.0E+100 $ RETURN 
P= PVTR(T 51) 

DELTAF = ABS (T*DPDT-D*DPDD) $ RETURN $ END 


FUNCTION DENGASF(T) 

DESIGNED FOR ZSAT = 1 AT LOW DENSITIES, 5/29/77. 

USE ZSAT # PS/DS/GK/TS WITH VAPOR PRESSURES, AND ZCRT. 

Z= 1.4 (ZORT-1) SP IF X) XX. 

F(X) # 1 + AL*UE + A2*U + A3*EXP( EGX*(1-1/U)). 

NOTE ZSM1 FOR FUGACTY, NOT IN COMMON HERE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
DIMENSION AV(3) 

DATA (EG=0.35) ,( EGX=2.30) ,(GKK=0.083145) 
DATA(AV = -0.8665772894, 1.120397967, 4.498658942) 


FORMAT(1HO 9X *T EXCEEDS TC IN DENGASF. * / ) 
IF(TCRT-T) 3,4,5 

PRINT 4S STOP ; 

DENGASF = DCRT $ DDSDT = 1.0E+10 $ RETURN 

ZN ‘= ZCRT=1 2S. PG =4PCRiGSe Py RSAC) 

Pl =P/PC ($° PIT ="DPSDTI/RO “$C eC RM mesa = Ya 
XZ SE KaKe $e Ue EX 

UE = U**EG $ UEL = -EG*UE/U 

EGXU = EGX*(1-1/U) $ IF(EGXU.LT.-270) 10,11 

XP ="XPl.='0 7$” GO 10:12 

XP = EXP(EGXU) $ XP1 = -EGX*XP/U/U 

F = 1 + AV(1)*UE + AV(2)*U + AV(3)*XP $ ZFX =F 
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(onl ap ap) 


(op ap a) 


MNADAMAADADANMNND 


13 Fl = AV(1)*UE1 - AV(2) + AV(3)*XP1 
15 7SM = ANSP Xe 9) $) (ZSAT = 2 = 1 ZSML $y PZCALC =" Z 
HOMDZSDIy =" DZD = (PIX(Fl=2*F/X))/ e+ 


F*PIT)*ZN/X2 


17 DENGASF = P/T/Z/GKK 
18 DDSDT = (DPSDT - P/T - P*DZDT/Z)/T/Z/GKK $ RETURN $ END 


—a 


MNF OONA NAP WHF 


1 
2 
3 
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FUNCTION DENLIOQF(T) 
NBUTANE SAT.LIQUID DEN, MOL/L, (DCRT=3.92), RDG, MAR. 19, 1981. 
DEN = DCRT + YNL*(X + (XE-X)*Y), | YNL # DTRP - DCRT. 

Y # Al + A2*X + A3*X2 + A4*X3. 

COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 

DIMENSION AW(3) 

DATA (EL=0.35) ,(NFL=3) 

DATA (TTRP=134.86) ,( TCRT=425.16) ,(DCRT=3.92) , (DTRP=12.65) 

DATA(AW = 0.794388335, -0.001089476, -0.085829197) 

FORMAT(1HO 9X *DENLIOF = 0, T EXCEEDS TCRT. * / ) 

le (ERS) Sek 

PRINT SSOP 

DENLIOQF = DCRT $ DDSDT = -1.0E+10 $ RETURN 

XN=TCRI-TIRP $ X=(TCRT-T)/XN $ X2 = X*X $ DXDT = -1.0/XN 

ME = 0@sgL S US Me SC Sy eS aida y ere al 

vale OMe ore OPOmk— nN S) l= aK =I 9S XL b= aXea 

Y = Y + AW(K)*XL $ Y1 = Y1 + AW(K)*L*XL/X 

CONTINUE $ YNL = DTRP - DCRT 

DENLIOF = DCRT + YNL*(X + U*Y) 

DDSDT = YNL*(1 + U*Y1 + U1*Y)*DXDT $ RETURN $ END 


FUNCTION DIELF(D,T,P) 
NBUTANE CONSTS., RDG, OCT. 14, 1980, VIA HAYNES DATA. 
CM,RMSPCT = 0.083, E,RMSPCT = 0.017. 

CM = Al + A2*R + A3*R2 + A4/X + AS*PI. 

DIMENSION A(5) 

DATA (DCRT=3.92) ,(TCRT=425.16) 

DATA(A = 20.654382, 0.25129317, -0.097230479, 

1 -0.039216489, -0.011645515) 

R= D/DCRT $ X =T/TCRT $ G= 

CM = A(1) + A(2)*R + A(3)*R*¥R + A 

Z = CM*D/1000 $ DIELF = (2*Z+1) 

RETURN $ END 


WX IS eR T= P/ 100 
(AGE eA ((S)) Pil 
/(1.0-Z) 

FUNCTION EDELF(L,M,T,DA,DB) 

GET CHANGE OF E, S, CV WITH DENSITY ALONG ISOTHERMS. 

GET EDELF, DELS, DELCV FROM DA TO DB ON ISOTHERM T. 

ROMBERG NUMERICAL INTEGRATION VIA - 

CARNAHAN/LUTHER/WILKES, APPLIED NUMERICAL METHODS, P. 90, 

JOHN WILEY AND SONS, INC., N.Y., 1969. 

NOTE, VALUE OF LD CONTROLS CONVERGENCE LIMITS. 

NOTE, NMAX = M, NK = FINAL, TOTAL SUBDIVISIONS OF INTERVAL DX. 


COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 


COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR,DDSDT 
COMMON/11/ DELS, DELCV 

COMMON/12/ZCRT,ZCALC,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
DIMENSION E(20), S$(20), C(20) 

DATA (LD=2) ,(DI=0.00001) , (G=0.083145) 
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GG: 


1 FORMAT(1HOOX*EDELF L =*12,5H), No =13,5H5) 1 = F8.356H,) DA -E10.4. 


1 6H, DB =E10.4, 6H, LD =12// 

2 10X IHN 7X5HEDELF 8X4HDELS 7X5HDELCV ) 
2 FORMAT(1HO 9X GHEDIF =FIO.3, "8H; SDIF.=F10.5, SH Y>CVDIF =FlOc3)) 
3 FORMAN(COX7153 (PIZ23 an lz: Seb ies)) 


4 FORMAT(1HO 9X *EDELF NG AT TCRT FOR CV AT DEN NEAR OR GT C.P.*/) 


FOR DA=0 AND DB.LE.DI, IDEAL GAS, EDELF=DELS=DELCV=0. 
FOR DA=0 AND DB.GT.DI, START ROMBERG WITH DA = DI, - 
TO AVOID INFINITIES IN ORDINATE FUNCTIONS AT DA = O. 
5ONK =) 1S 2 DM = DCRT/2." $y DZs=- 0. S8D CRT 

O° 7K = -150- = 1/7 ZER1 $2 RK = LOOsGATICR TD CRM 

LOVIF(LE0.0) 710514 

LIMITE (DB LE. DL) 12513 

12 EDEEF «="DBEES i= DERCVa=10Niy S ie REnURN 

13 DA = DI 


GET FIRST TRAPEZOID AREA, E(1) ETC., FROM DA TO DB. 
14 DX = DB:= DA .$ °P =9PVIF(TDA;O) ($0 TF(DA.LT.DM) lect? 
16° EAS=oRK*(.ZK*ZSATAZEX*+°F RI = TADERTDT) % S$. G0: TOeS 
17 EA = 100*(P-T*DPDT)/DA/DA 
18: TPL. E0...0)09520 
19), SA °=UeRKADERTDT. ~$:, -G0- 10:21 
20 SA = -100*DPDT/DA/DA 
21 CA = -100*T*D2PDT2/DA/DA 
22 Pu= PVIR(T,0B,0) S$) (TRUDE i DM)i23..24 
23 EB = RK*( ZK*ZSAT*ZFX + FRE - T*DFRIDT) $+ GOPTO¥2S 
24 EB = 100*(P-T*DPDT)/DB/DB 
25 EGE EOS0)E 26827 
26 SB = =RK*DFRIDT $ GO TO 28 
27 SB = -100*DPDT/DB/DB 


28 CB = -100*T*D2PDT2/DB/DB 

29 E(1)=(EAtEB)*DX/2 $ S(1)=(SA+SB)*DX/2 $ C(1)=(CA+CB)*DX/2 
INTERVAL HALVING, GET E(N+1), ETC. 

SOMO 60) NST Mh Sih Ne tank 

3 JM'= 2**N = 1) $°DXN = DX/244N S$ ECK)eS(K) =e 6K) 250 

33 DO 45 J=1,UM,2 $ NK = NK+l $ DN = DA + J*DXN 

34 P = PVTF(T,DN,O) <$ “TRCDN-LT0M)535236 


35 EB = RK*( ZK*ZSAT*ZEX 7 PRI =) TADPRIDT) 3S: G0: 10337 
36 EB = 100*(P-T*DPDT)/DN/DN 

37> TEU. E0.0).38 739 

38 SB = -RK*DFRIDT $ GO TO 40 

39 SB = -190*DPDT/DN/DN 

40 CB = -100*T*D2PDT2/DN/DN 


41 E(K) = E(K) + EB. $ veS(K) = S(K ISB OS C(K) r=" 6(K ) CB 
45 CONTINUE $ E(K) = E(N)/2 + E(K)*DXN 
46 S(K} = S(N)/2 + S(K)*DXN $ C(K) = C(N)/2 + C(K)*DXN 


TEST FOR CONVERGENCE. 
50 ED=ABS(E(K)-E(N)) $ SD=ABS(S(K)-S(N)) $ CD=ABS(C(K)-C(N)) 
53 IF(ED.LT.0.4/LD) 54,60 
54 IF(SD.LT.0.002/LD) 55,60 
55 IF(T.EQ.TCRT.AND.DB.GT.DZ) GO TO 57 
56 IF(CD.LT.0.04/LD) 57,60 
57 EDELR = E(K) $- DEUS = SiK)iees. (DELEY 
60 CONTINUE’ $ N= My $° NM = NEI igene 


C(K) $ RETURN 
N+1 
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Ol PRI he ES Ne Ws WAS so Tey) 
62 PRINT 3, NM,E(NM),S(NM), ¢(NM) $ PRINT 3, N,E(N),S(N),C(N) 
CAMRRINT soe NPSECNP) 5 S(NP)C(NP)  $ PRINT 2, ED, SD, CD 

D 


BorsTOp. ¢ EN 


FUNCTION FINDENF(T,P) 

C ON ISOTHERM T, FIND DEN, MOL/L, TO MINIMIZE (P-PC) VIA EQNSTATE. 
COMMON/1/AL,BE.GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
DATA (GKK = 0.083145) 

41 FORMAT(1HO 9X *FINDENF 
42 FORMAT(1HO 9X *FINDENF 
43 FORMAT(1HO 9X *FINDENF 
=e OS 2D RP 

Hays Gilj.0)) aly. 35 

iF (TSVGRI) 2os53 

DG=DENGASF(T) $ DL=DENLIQF(T) $ PS=PSATF(T) $ IF(P-PS) 3,32,4 

SD Gia See GO) 10) Tt 

= (DLEOUNP)/2 "85 (10) 10) abl 

=DL=DCRT $ PS=PCRT $ IF(P-PS) 6,33,7 

= ORIYA CO 0 Ma 

( 


0, FAILS TO CONVERGE. * / ) 
DCRT, DP/DR ZERO OR NEG. xfs) 
0, DOUBLE-VALUED AT P = PSAT. * / ) 


ZADIORW! SS GI) 10) Iu 

FQiiclei..4:50!..0)) "95 10 

PG = PVC SDGRT 0) Ss WRPSe) Osds37/ 

10 D = DCRT 

11 DO 30 J=1,50 $ DP=P-PVTF(T,D,1) $ IF(ABS (DP/P)-1.0E-7) 31,31,12 
12 SRCDPDD.Gl.0) 13,34 

13 DD = DP/DPDD $ IF(ABS (DD/D)-1.0E-7) 31,31,14 
Desde DD $ IF(D.Gil.0.0)) 16,15 

Dame /GRK/T,  $ G0) 10 30 

16 IF(D. GT.DM) 17,18 

iO p=e DiS G0; 10) 30 

18 IF(T-TCRT) 19,24,30 

OUR (PPS) 20.22 

ZOE (D Gi .DG) 21,30 

= DG 3) 0 yer se 

ZA ID aa DIe) 23.530 

23 DS DE Ss 0 Wo so) 

ZAP En seGRI)) 25,27 

25 Mr Weli aver) S025 

ZA DS DOR = O02 ss C0) 10) <0 

2 AE (CDE GHDERT) S0k28 

23) = WERT s Oo0Z 

SO SCONTINUE SPRINT Ai So STOP 

SINDEN De 5) RETURN 

Se RUN 4S) sede STOP 

33 FINDENF = DCRT $ RETURN 

34 FINDENF = DCRT $ PRINT 42 $ RETURN 

35 FINDENF=DPDT=D2PDT2=0 $ DPDD=GKK*T $ DPDR=DPDD*DTRP 
SOeREMURN 7) $- > END 


D 
D 
DG 
D 
D 
I 


OONAIADAIHPWMrF 


ipo) 
— 
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FUNCTION FINDTMF(P) 
C GIVEN P ON THE MELTING LINE, FIND T FOR NBUTANE. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
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DATA (A=3634.0) ,(E=2.210) 
1 X = (P-PTRP)/A + 1 $ FINDTMF = TTRP*X**(1.0/E) $ RETURN $ END 


FUNCTION FINDTSF(P) 
C GIVEN VAPOR PRESSURE P, ITERATE T TO MINIMIZE (P-PC). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,OTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
FORMAT(1HO 9X *FINDTSF = 0, FAILS TO CONVERGE. * / ) 
FORMAT (1HO) 9X *FINDTSF = 0,  P EXCEEDS PCRT.*./)) 
IF(P-PCRT) 4,11,12 
T= 300 $ DO 9 J=1,50 $ DP = P - PSATF(T) $ ADP = ABS (DP) 
IF(ADP/P-1.0E-7) 10,6,6 
IF(ADP/DPSDT/T-1.0E-7) 10,7,7 


T= T+ DP/DPSDT. »$- IEC T=TCRM)= 95978 
T = ERT 

CONTINUE: $= PRINT..1.$) :STOP 

EF INDTSE= I S$". RETURN 

FINDTSF =, TCR... $. -. RETURN 

PRINT. 2. ~S: VSTOPs Sig END 


a 
FP OUOON DO SPWIVF 


—" 
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SUBROUTINE GENEOUS 
C GIVEN P,T FOR THE HOMOGENEOUS DOMAIN - 
C GET DEN AND FUNCTIONS AT ANY TEMPERATURE. 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,OTHDR ,DDSDT 
COMMON/8/ IN,IK, P,T,DEN, E,H,S, CV,CP,CSAT, W,WK 
COMMON/11/ DELS, DELCV 
COMMON/99 xT SEZZ EZ SZsCVZ 5 HZ. CPRzZ 
DATA (Q=1.01325) ,(G=0.083145) 


3: T1.= T-<$ CALL IDEAL $. IF CP .Gi.0). 410 

4 DEN = DB = FINDENF(T,P) $ M= 15 $ DA=L=0 

BE = EZZ + EZe+- EDELP (LSM I DASDB i aSiichs =nEe er 100ARy/ DB 

6 S = SZ + DELS - 100*G*AL0G(G*1*DB/Q) 

TCV. =-CVZ + DEREV S$. PBXs aPVIR GDB) 

8 CP. = CVs + 100*7 /DPDD*(DPDN/DB)~*2 

9 W = SQRT(WK*CP*DPDD/CV) $ RETURN 

10: DEN=S=0:-$ a Eé= EZZ teEZ, SeoHe= ee ol004G*T 3S CV—CVZe SC Peru 
12 W = SORT(WK*CP*G*1/CV)ic--$. os REMURN® Sve END 


SUBROUTINE GENIUS 
VALID ONLY FOR THE HOMOGENEOUS DOMAIN. 
SAVES COMPUTER TIME WHEN TABULATING FUNCTIONS ALONG ISOBARS. 
SAVES DEN,E,S,CV ALONG ISOBARS FOR USE IN INTEGRATING TO NEXT 
HIGHER ISOBAR. VALID ONLY FOR MONOTONICALLY INCREASING ISOBAR 
PRESSURES, AND AT TEMPS. T = INTEGER MULTIPLES OF 10 K. 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR,DDSDT 
COMMON/8/ INS TK, PT ,DEN; EHS. CV CP ICSAT. WoWK 

COMMON/11/ DELS, DELCV 

DIMENSION DK(70) ,EK(70) ,SK(70) ,CK(70) 

FORMAT(1HO 9X *GENIUS T NOT INTEGRAL. * / ) 

Js = WO aS ae (i= LO% I) 304 

CALL GENEQUS $ RETURN 

TACT EQe IND 25159 

CALL GENEOUS 

DK( J): = DEN S$ EK(d)=0E $0 SK(d)2="S oS CK) =CV Sy RETURN 
C INTEGRATE FROM OLD DEN UP TO NEW DEN ON GIVEN ISOTHERM. 


iG Ca tGa. GD 


DnPwohdr 
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(SP) (FP) (7) 


(Se) (2) 


9 DA = DK(J) $ DK(J) = DEN = DB = FINDENF(T,P) $ N = 14 
EK) = Bes EKO) EDELE (VIN ti, DASDB)! 9S Hi="E + 100*P/DB 
PSK (OMe = Sp =e SK(dIi DEES S. /CK(d)\e= CV = CK(D)e+ DELCY 


NOW GET NEW DP/DT, DP/DD, CP, W. 
SmP eee Vila sDBel)e ns) CPa=—CVN+ 100*1/DPDDA(DPDI/DB)**2 
30 W = SQRT(WK*CP*DPDD/CV) $ RETURN $ END 


FUNCTION HSATF(T) 

NBUTANE SATLIQ ENTHALPY, J/MOL. 

DEFINE YH # (H-HC)/(HT-HC), X # (TC-T)/(TC-TT), WHEN - 
YH = X + (XE-X)*(AL + A2*X + A3*X2 +...) 

DIMENSION AH(8) 

DATA (NFH=8) ,(EH=0.29) ,(TTRP=134.86) ,(TCRT=425.16) 

DATA (HTRP = 0.001),(HCRT = 45399.788) 

DATA (AH = 0.1929773377, 0.3998984487, -0.05499361241, 
1 -1.020568625, 2.872789244, -4.052610155, 2.696377850, 
2 -0.6834388986) 

FORMAT(1HO 9X 3HT =F10.5, * IN HSATF(T).*/) 

Hen sGn CRN). 3.4 

BRENMad ee oS") STOP 

KoRn) / (CRI mnRP) $9 IRCX-VE.0) 556 

HSATF = HCRT $ RETURN 

Veet: Kes PX =X" S$ 007 7K=1 -NFH 

FX = FX + V*AH(K)*X**(K-1) 

HSATF = HCRT - (HCRT-HTRP)*FX $ RETURN $ END 


OAAIYNADTAIPwWwWMHMrF 


SUBROUTINE IDEAL 

N-BUTANE, VIA DATA OF CHEN ET AL (1975). 

Cpmape— det (AI + A2/X + A3/K2 +. . )*EXP(-E/X), « “X # 1/100% 
COMMON/99/ TI,EZZ, EZ,SZ,CVZ, HZ,CPZ 

DIMENSION A(5) 

DATA (E=2.37) ,(R=8.3145) , (HI=7.7980) ,(SI=37.3495) 

DATA(A = 41.1109726, -139.304011, 257.297067, -170.730596, 

1 40.0321709) 


Nes 5) Se X= aly LOO eS: eXP) = EXP(=E/X1) 
2? s AO Swe sg Kein 
3 CP = CP + A(K)*XP*XI**(1-K) 


NUMERICAL INTEGRATION FOR HZ/R, SZ/R - 
See Se) SN =HABS I= S004 454 oS) ) DX =" (XT=3)/N 
6 DO 10 J=l.N $ X = 3.0 + (J-0.5)*DX $ XP = EXP(-E/X) 
MCPXe="4 2026S D0) 8 K=l NK 
8 CPX = CPX + A(K)*XP*X**(1-K) 
OR He—ehleGPXADK. 2) 9S ="S FUCPXeDX//x 
HOMCONTINUE Se He=(HI*3 + H)/XI) $9°S = STS 
CONVERT TO JOULES, MOLES, KELVINS. 
eZ eR cH Sez = HZ = RXTT oS) SZ= R&S 
NCP 7a—aRKePr as MEOVZ0="CRZe=—R “eS “TRERURNG $ “END 


SUBROUTINE ISOTHRM 
PRINTOUT THE CRITICAL ISOTHERM. 

COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 

COMMON/6/ TSAT, THETA, PSAT 


DATA (WM = 58.1243) 
1 FORMAT(1H1 14X *THE CRITICAL ISOTHERM, NBUTANE* // 

1 6X6HTC,K = F7.2, 12H, DC,KG/M3 = F9.4, 10H, PC,MPA = F10.7/ 6X 
2 *AT THE C.P., DPS/DT =*F9.6, 9H, DP/DT =F9.6, * MPA/K.* // 

3 6X4HD/DC 9X5HTS/TC 9X5HPS/PC 1LOX4HP/PC 9X5HDP/DR 4X6HDTS/DR 
4 AXSHDTH/DR 4X6HDPS/DR 4X6HDXB/DR 4X6HDXC/DR ) 

FORMAT(2X F8.3, 3F14.10, F14.9, 5F10.5) 

PC, = PVTE(TGRT,DERT 0) $° PES = PERT /10 °$ DCS = DCRIAWM 
DPST = DPSDT/10 $ DPT = DPDT/10 

PRINT 1. TCRE, DES, PCS.-DPST: DPT) S71 D018 10-1941 

DR = 0.895 + 0.005*J $ DN = DR*DCRT 

PR = PVTF(TCRT,DN,1)/PCRT $ DPSDR = DPSDT*DTSDR 

TSN = TSAT/TCRT $ PSN = PSAT/PCRT 

DPDR = DPDR/10 $ ODPSDR = DPSDR/10 

PRINT 2, DR, TSN,PSN, PR,DPDR, DTSDR,DTHDR,DPSDR, DXBDR,DXEDR 
RETURN $ END 


SWAN OLS WP 
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SUBROUTINE JTLOCUS 

THE JOULE-THOMSON P-V-T LOCUS FOR NBUTANE. 

DERIVE THE J-T INVERSION CURVE. USE ROUTINE DELTAF(T,DI). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
DIMENSION DK(60) ,DN(60) ,TT(60) ,PP(60) 

DATA (A=1.2275) ,(B=0.485) ,(WM=58.1243) 
1 FORMAT(1H1 16X *THE JOULE-THOMSON INVERSION LOCUS FOR NBUTANE* // 

2 17X 3HT,K 8X2HDI 5X5HKG/M3 5X5HP,MPA 

3 7X 3HT,K 8X2HDI 5X5HKG/M3 5X5HP,MPA ) 

2 FORMAT (OX. 110s 2R102 be E1OcS PLO 2E1 0 i On 3)) 
G SAVE INITIAL, TRIAL DENSITY, DK(I) = DI. 
5 TA = S8On So NPS 52 
6 PRINT 2° "$0025 I=1 NPS. DXi= 054 
77 = TA + 10*] $ X= T/TCRT $ -OK(T) = DI = DCRTAEXPUASBEX) 
10° TF (T=TCRT) 142,12 
VP DE = DENLIOE(T)  .$) TE (DE-ET DE) 23212 
12.SS = DELTAF(T,DI)} $ DO’ 20: 1T=1,14 
14 D=DI-DX $ SL=DELTAF(T,D) $ D=DI+DX $ SP=DELTAF(T,D) 
15 YF(SS-SL) 18,16 16 
16 TECSP=Sk) LOS eel 7, 
17 SS-= SL) S$) DT =. DI = DK S$) GO VOx20 
18 IF(SS-SP) 20,20,19 
19° SS = SPS DI arb at OX 
20 DX = DX/2 $° TVCI) = 7 $ ONCE)” = Ol $ (PP C1) = PVIP CT IDEA) 
21 3G0" 10:25 
23 THT) =F $" DKCT) = DNC 1) = PPeIy i= 0 
25 CONTINUE* 9S”. JN = NP/2 
26\DO Sov ISTINY SS) Ria doe oN 
2F Ti= VE) SUT art) 


Cue) 


28 DKJ = WM*DK(J) $ DNJ = WM*DN(J) 
29 DKK = WM*DK(K) $ DNK = WM*DN(K) 
30 PPJ = PP(J)/10 $ PPK = PP(K)/10 


35 PRINT. 2, IF, ‘DKUSDNU; PPJs IPT DKK DNKS PPK 
40 RETURN $ END 


SUBROUTINE PEEK 
C EXAMINE BEHAVIOR OF THE PVT COEFFICIENTS. 


40 


C 
(C 


(op ap) 


am 


4 


OOD 


10 


1 
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B(S) # Bl + B2*S2, E(S) # E1*(S-1)*(S-ER)*EXP(-GA*S**IX). 
WHERE, R # DEN/DTRP, S # DEN/DCRT. 

COMMONMGKSGKK BI IBZB3),b4 505 CL C203) El EZ ES, .ER, 1X 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,NPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSOT 
COMMON/6/ TSAT, THETA, PSAT 

DATA (WM = 58.1243) ,(EX = 1.10) 


FORMAT(1H1 14X *EQUATION OF STATE COEFFS., NBUTANE * // 
Pel XaOniliRe hiss oHs TBLP =B9.4) SHe TERT =hSi3, * K* / 
ZS Ke OnPIRP —El2 6, Sh), sPBLPe=—ké.6, 8h, PCRI =h9.6,°* MPA* / 
Sa GOON Elo ests DEBP Ell 53) (8Hs DERT =Ell.5, ~ KG/M3* / 
Selo OUGAI El 1s5)) Si; DGBP =B)1 25, * KG/M3%"/ 
Bel oXe =DPS/DNBSMPA/K =*-EI 135) *5 QVAPB,KJ/MOL =* F7.3// 
PO One RCO EX-F5.2.°6H.°ER =F5.2,.*5.S # DEN/DCRI* / 
Some aHAl BLO 5 Ons BE -=F10.7.' OH, GA =F10.7/ 
Closer RlO./ OH EP F107) 6H, El =Fl0.7// 
7 15X 4HB1 =F14.11, 6H, B2 =F14.11, 6H, B3 =F14.11/ 
CeloMHOl -Piaciis GHy C2 =Fl4 il, 6H, €3.=F14.11/. ) 
FORMAT(15X 4HD/DC 6X4HTSAT S5XSHTHETA 4X6HPS,MPA 9X1HB 9X1HC ) 
RORMAT(OX FIO .2% 2F10.3,, Fl0.4, 2F10.5) 
TB=F INDTSF (1.01325) $ DGB=DENGASF(TB) $ DLB=DENLIQF(TB) 
QB = TB*DPSDT*(1/DGB - 1/DLB)/10.0 
PRG ePliRe/ Om oa ePBEPs= O2101325 °$. PCR°= PCRI/10 
DTR = DTRP*WM $ DLBI = DLB*WM $ DCR = DCRT*WM 
DGA = DGAT*WM $ DGBI = DGB*WM $ DPSB = DPSDT/10 
PRINT 42 TIRE. 18 CRISP IR, PBEP. PCR DIR, DLBI,DCR,DGA,DGBI,DPSB QB, 


[IXSeXSEReO AL BE ,GA.DE SEP sElibl Bebo, orl je2. ES 

BRUNT) $ N= TOADTIRE/DCRT + 1 

DOMZORU—I NTS) Se= Ok 14d 

DNF SADCRie S$) “S2-SeS) $2 SN=S-1" °$ > SX°=) S**1X 

SRE= 1 $$  TE(ER-GI 0) SR = S-ER 

Bee Ble + B2sS2 

E = (El + E2*S)*SN*SR*EXP(-GA*SX) 

TSAT=TS=TSATF(DN) $ TH=THETAF(DN) $ PS=PSATF(TS) $ PIS=PS/10 
PUN On Se mS sis lSey Seer S e RETURN: 5S > END 


FUNCTION PMELTF(T) 

NBUTANE MELTING LINE, BAR, VIA REEVES, SCOTT, AND BABB(JR), 

J. CHEM. PHYS. 40(12), 3662 (1964). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
DATA (A = 3634.0) ,(E = 2.210) 
XS URE Se NE == XAro = So -PMELTE = PTRP + A*(XE=1 } 
DPMDT = A*E*XE/X/TTRP $ RETURN $ END 


FUNCTION PSATF(T) 

NBUTANE VAPOR PRESSURE, BAR, RDG, FEB. 19, 1981. (DCRT=3.92). 
LN(P) = P1/X + P2 + P3*X + PA*X2 + P5*X3 + P6*(1-X)**EPP. 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,NDSDT 
DIMENSION PJ(6) 

DATA (EPP = 1.85) 

DATA (TTRP=134.86) ,( TCRT=425.16) ,(DCRT=3.92) , (DTRP=12.65) 
DATA(PJ = -9.50924729, 5.20153488, 10.64095231, 

1 4.86147936, -7.55818629, 18.72886023) 
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FORMAT(1HO 9X *T ABOVE TCRT IN PSATF(T). * / ) 
X= T/ICRT $. Ne = E50 0X $4 BERND 7 SR9 
PRENT cL (Situ STOR 

ZL =5Zle =) 07 $4260 Op k0 

Z = V*XERP. So Zils SeSERPEZLV. 

Pil =) Pdi 6)4Z,. oS ico REL auPui (6) Za 

DO: 13: Kel ,b° S$, (Les. K-2> $y eckl Sake 

PL = PL + Pd(K)*Xisa cS oP LI eR ePU Ky EX 
CONTINUE $  PSATF = EXP(PL) 

DPSCT = PEIAPSATE/TCRI 44$.; RETURN Se GEND 


SUBROUTINE PVTDATA 
NBUTANE EOS CONSTANTS, RDG/NBS, FEB. 19, 1981. (DCRT=3.92). 
COMMON GK.GKK, B1jB2,83.,.B4 85... Cl.C25C3; BISE2°63 5 ER. ax 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,NTRP,TTRP,PTRP 
COMMON/8/ "IN IK, P,1,DEN;.E5H,S, CV[CPZCSAT,. WaWk 
COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT, ZFX, FRT,DFRTDT 
COMMON/997 T1,EZZ3 tEZ5SZ,CVZ,.HZ,CRZ 

WM = 58.1243 $ TTRP = 134.86 $ TCRT = 425.16 

DCRT ="3.92 $5. DTRPS= 12.650 

PTRP = PSATF(TTRP) $ PCRT = PSATF(TCRT) 
GKK = 0.083145 $ GK = GKK*DCRT $ ZCRT 


PCRT/DCRT/GKK/TCRT 


IXa= (2. $) AL = 2. 0s5$ oe BE = 087 Si GA = 0.14 ers pes 0 
BP =20) ($- sBR = 22208 SS BG =e lec 

Bl = 0.45655869162 $ B2 = 0.17143942370 

El. =-0.28036114629 ~§ $ 4. B3=B4=E2=E3=0 

DGAT = DENGASF(TTRP) $ WK = 100000/WM $ EZZ = 22644.306 


RETURN $ END 


FUNCTION PVTF(T,D,M) 

NBUTANE EQNSTATE, PVIF = P, BAR. SIMPLIFIEDS: FEB. 125 11981. 
NOTE, M=O RETURNS DP/DT, D2P/DT2. M=1 RETURNS ALSO DP/DD. 
P-PSAT = S*GK*(T-TSAT) + S*S*GK*TCRT*F(S,T), WHERE - 

FCS 0). BCS) AXBE (S37) ot ECS) *XER (Sse SeAND = 

B(S).# Bl-+-B2*S2,. ECS) 7# El*(S=1)A(S=ER)*EXP=GAAS*2 DX) 
WHERE, R # DEN/DTRP, S # DEN/DCRT. 

COMMON: GK GKK:,. Bi B2,B3,B4,B5, Cl C2.C3. Bi e2 JES) eR mK 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 

COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT,ZFX, FRI ,DFRTDT 

S. = D/DGERT |) $:S2=S*S $> SN=S-1y Spa) SRoS-ERWs $a (SX-S*xx 

GK = DCRT*GKK $ TC = TCRT. $ DSDR = DTRP/DCRT 

RG = S*GK.. $ 1° GSTS GKSIC 

TSAT=TS=TSATF(D) $ PSAT=PS=PSATF(TS) $ THETA=THETAF(D) 

XB. = XBE(T,D)eas$  Xbe> XERCT sD) 

B= BI*S2 +B2xS25S2 

XP = EXP(-GA*SX).: $ SM = S2*SNXSRi $2 v= 7B *SMAKP 

F. = BEXB + E*XE 9S. Flys) B*XBl- +e EA Xela otek 2, 2B eX Bee tae EZ 
PVTF-= PS. + RGA(T-TS) + GKI*F  $. FRI-E/S2. SS DEREDISEL/S2ATC 
DPDT = RG +.GK*F1= $+ D2PDI2>= 1GK*F2/1G2 San IRM), 15230 

BD = (2*Bl + 4*B2*S2)*S*DSDR 

XPl = -IX*GA*SX/S $ : SMI) =-(CSNFSRIAS2ZE+* 248SASNASR 
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18 ED = E1*(SM*XP1 + SM1)*XP*DSDR 

20a eee DURE EEDDANBeae ts ) EXDXEDRe ED*KE 

26 DPDR = (DPSDT-RG)*DTSDR + (T-TS)*GK*DSDR + GKT*F1 
27 DPDD = DPDR/DTRP 

30 RETURN $ END 


FUNCTION QVAPXF(T) 
C OWARB= ALAC (XE) (AZ ASKX: +eAaXxX2 00°.” )\. 
C Ori 0)/ (C= is -aXEGH X**E. 
DIMENSION AQ(4) 
DATA (NFQ=4) ,(EQ=0.34) ,(TTRP=134.86) ,( TCRT=425.16) 
DATA (AQ = 28.789248, 24.163103, 12.710873, -16.533537) 
FORMAT(1HO 9X *T EXCEEDS TCRT IN QVAPXF(T). * / ) 
IF(TCRT-T) 3,4,5 
PRU tk SS SOL 
QVAPXF = 0 $ RETURN 
N= TCRT - TURP $ X = (TCRT-T)/XN $ XE = X**EQ 
F=0 $ DO 7 K=2,NFQ 
Pele te AOU) Xe (K—2) 
AQ(1)*X + (XE-X)*F 
QVAPXF = Q*1000 $ RETURN $ END 


OCOOnNDAPWM Ee 


ee 


SUBROUTINE SIMPLE 
FOR ANY GIVEN T,K AND P,MPA, CONVERT TO P,BAR, AND USE SUBROUTINE 
THERMO (OR ENTRIES THEREIN) TO GET THERMOPHYSICAL PROPERTIES. 
THEN CONVERT TO MPA, AND KG/M3 IN PRESENT ROUTINE. 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT, DPDD,DPDR,DTSDR,DTHDR ,DDSDT 
COMMON/S3/ TINS IK, Pt ,DEN, EsH,S;, CV,CPSCSAT, W,WK 
COMMON 99/ TV EZZ, EZ>SZCVZ5° HZ, CPZ 
DATA (R=0.083145) ,(GJ=8.3145) ,(PA=1.01325) , (WM=58.1243) 
14 FORMAT(1H1 18X *TEST OF THERMO AT P,MPA =* F8.5/ 
ILOXe* DENSITIES KG/M3; HEATS J/MOL< * / ) 
16 FORMAT(6X4HPMPA 9X1HT 6X3HDEN 8X1HZ 5X5HDP/DT 5X5HDP/DD 
1 8X1HE 8X1HH 8X1HS 6X2HCV 6X2HCP 5X1HW 9X3HF/P 5X4HDIEL ) 
IW HORMAIGUMOO 45) On Ser rIe2.eh9.5. hlO.5.-Fl0.65° 269.1, F923), 
HOA Ori2 gel Osh Eili2ts) 50 29}. 5\) 
G LET US EXAMINE A SUBCRITICAL ISOBAR. 
19 PMPA = 3.5 
20 P = 10*PMPA $ PRINT 14, PMPA $ PRINT 16 
DOR IO WISI sIee Se TIKe = PESO) 10% 
Ze CAeenHERMO) 2 Sa IW Wo SoZ = P/DEN/R/T. 
G GET DIEL.CONST., AND FUGACITIES. 
25 GIB = H-EZZ-HZ -T*(S-SZ) $ FOP = EXP(GIB/GJ/T)*PA/P 
26 IF(1.GT.450) 27,28 
Zi DL ES= SOS GO 10; 30 
28 DIE = DIELF(DEN,T,P) 
C CONVERT PRESSURES, DENSITIES, AND DERIVATIVES. 
30 PMPA=P/10 $ DEN=DEN*WM $ DPDT=DPDT/10 $ DPDD=DPDD/10/WM 
31 DPMDT = DPMDT/10 $ DPSDT = DPSDT/10 $ DDSDT = DDSDT*WM 
FORE RUN Te eMeAcih DENG. DPD DPDD Esk. S59 CV ,CP IW. > FOP. DIE 
SOVCONTINUER SS Se) RETURNS = Say END 


Ge Ge) 


FUNCTION SSATF(T) 
C NBUTANE SATLIQ ENTROPY, J/MOL/K. 
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¢ CONSTRAINED AT TRIPLE AND CRITICAL POINTS. 
e Y. #.(S=SGRT) /CSTRP=SERT) 2 Xe -ClCe ATC an)! 
C Y = X + (XE-X)*(Al + A2*X + A3*X2 + . 
DIMENSION AS(6) 
DATA (NFS=6) ,(ES=0.23) ,( TTRP=134.86) ,(TCRT=425.16) 
DATA (STRP = 133.54372),(SCRT = 297.64652) 
DATA (AS = 0.08883444348, -0.3470304947, 0.2093724392, 
1 -0.9568328496 , 0.9579992545, -0.6534607056) 


1 FORMAT(LHO 9X: 3HT =FlOs5..) <1N, SSATECTH i We) 
2 TECTCRI Sh )i3;, 4-5 

3 PRINT 13 1 $ STOP 

4 SSATF = SCRT $ RETURN 

5s YN = SERP=SCRI™ S> XNe = TERT MRE 

6 X= (TCRI=1W),/XNa 5 Se XED =e XAAES. eS We Ga Era 
7 Nese Xe: S00) Saks NES 

8 Y =-Y + V*AS(K)*X**(K=1) 

9 SSATE: = SCRT. YNEY Si) RETURNGS Sha END 


SUBROUTINE TABLIQ 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR ,DTHDR ,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 
COMMON/8/ IN, IK, Ps 1,DEN,.E,H5S,. CV,CP. CSAT 3 .WoWK 
COMMON/9/DNG,EG,HG,SG, CVG,CPG,WG, DPGDT ,DPGDD 
COMMON/12/ZCRT,ZCALC ,DZDT, ZSAT,DZSDT,ZFX, FRT,DFRTDT 
COMMON/99/" T1622 ;EZ5SZ..CVZ,o HZ.CPZ 
DIMENSION DSA(60) ,TSA(60) ,PSA(60) ,DLT(60) ,DPT(60) ,DPD(60) 
DATA (G=0.083145) , (WM=58.1243) 
4 FORMAT(1H1 13X *PROPERTIES-OF SATURATED LIQUID NBUTANE* // 
1 14X 1HT 11X1HP 3X5HDEN,L 7X5HDEN,G 5X3HZ,L 5X3HZ,G 
2 5X6HDPS/DT 3X6HDDL/DT 3X5HDP/DT 6X5HDP/DD / 
3 14X 1HK 9X3HMPA 3X5HKG/M3 7X5HKG/M3 16X 
4 6X5HMPA/K 2X7HKG/M3/K 3X5HMPA/K 2X9HMPA-M3/KG ) 
5. FORMAT(5XF10.35,E12.5,F8.2,,E12.55.2F8:.5, £11.45 9.4) PO.4s bila) 
11 FORMAT(1H1 13X *PROPERTIES OF SATURATED LIQUID NBUTANE * // 
1 14X 1HT 4X5HQ,VAP 8X1HE 8X1HH 8X1HS 
2 6X2HCV 6X2HCS 6X2HCP 6X3HF/P OX1HW 4X5HDIEL. / 
3 14X 1LHK 4X5HJI/MOL 4X5HI/MOL 4X5HJ/MOL 2X7HJ/MOL/K 
4 1X7HJ/MOL/K 1X7HJ/MOL/K 1X7HJ/MOL/K 11X 5HM/SEC 4X5HCONST ) 
12° FORMAT (5X F10:.3,3F 9) Ls F936 SES .2 shoal ao o) 
€ FOR PAGE ONE OF TABLIQ. 
C REPLACE T= 230 BY. B.P.. Al d= 30% 
120GNP =. 59'- -$ = PRENTe4 
121 DO 150 J=L,NP $ Tr(J.EQ.1) 222,123 
122 TERPS $5 GO: TON 139 
23 J) E029), 124,125 
124 FINDTSE(1.01325)i1¢ SvnGO.sh0n 139 
125 J.EQ.NP) 126,128 
126 TCRT $ DSA(J)=DG=DL=DCRT $ DLT(J) = DDLDT = 0 


7 
i 
+ 
I 
+ 
k27 VG.=, Verso W0/DCRT $..92G; = ZCRT Se GOpO tak 
i 
D 
D 
T 


F 


| Fre | | ero OL 


128.1." 130.4 54d 

139 DSA(J) = DL = DENLIQF(T) $ DLT(J) = DDLDT = DDSDT 

140 DG = DENGASF(T) $ ZG = ZSAT $ VG= 1/DG $ VL = 1/DL 

141 TSA(J) = T° $ PX = PVTF(T,DL,1) $ DPT(J)=DPDT $ DPD(J)=DPDD 
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(2) FP) 


WEG SS Ge 


147 PSA(J) = PS = PSAT $ Z = PS/DL/G/T 
148 PS=PS/10 $ DPSDT=DPSDT/10 $ DPDT=DPDT/10 $ DPDD=DPDD/10 
149 DL=DL*WM $ DG=DG*WM $ DDLDT=DDLDT*WM $ ODPDD = DPDD/WM 
SOM PRUNE SDE sDG 2 ayZGn DP SDN DDEDT > DPD, DPDD 

PAGE 2, TABLIQ. AVOID COEXIST, TIMESAVER. 

USE COEXIST AT ALL TEMPERATURES. 
160 PRINT 11 $ DO 180 J=1,NP $ T= TSA(J) $ P = PSA(J) 
PoMCARENCOEXTSH 9S =DIE-= DEN) $ “IW l= W 
o7R ONE =D TELE (DE sp), S$ 8 OX) =) QVAPKE(T) 

GE aUGAGIIN: COBB (RP) eViAc HZ S25) HG se SG. 

NOTE, DI = 0.00001 MOL/L IN EDELF. 
170 GIBS = HG-EZZ-HZ - T*(SG-SZ) 
ivsleGde= 1 100*G $ XP = EXP(GIBS/GJ/T) $ FOP = XP*1.01325/P 
WiECONG EE.O.00001) “FOP = 120 
SOMERS Wel 2. OX EHS. CV. CSAT CR ROR, IW, DIEL 
999 RETURN $ END 


SUBROUTINE THERMO 

FOR COMPUTATION AT ANY (T,P) POINT. 
ASSUMES AN ISOTHERM IN SINGLE-PHASE ONLY. 
CASES FOR ISOTHERMS BELOW, EQ., ABOVE TCRT. 
GIVIEND lier) ae REMURNS) DENS. ESHes, CV CPS Ws DPDT, DPDD: 

ENTRIES BELOW FOR PHASE BOUNDARIES ASSUME A GIVEN ISOBAR P, OR - 
ENTRIES BELOW FOR PHASE BOUNDARIES ASSUME A GIVEN ISOTHERM, T. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR,DDSDT 
COMMON /8/ INE IKe P51, DENS ESH,S:) CV SCP CSAT 3: W5WK 

COMMON/9/ DNG,EG,HG,SG, CVG,CPG,WG, DPGDT ,DPGDD 

COMMON/99/ Wl BAZ ELSSZACVZ, HZ CPZ 


1 FORMAT(1HO 9X *THERMO, P.GE.PMELT. * / ) 

2 FORMAT(1HO 9X *THERMO DOUBLE-VALUED AT P = PSAT. * / ) 
3 FORMAT(1HO 9X *THERMO, DEN GE. DCRT AT T = TCRT. * / ) 
LORIE CV=NCRT)) 1120525 


SUBCRITICAL ISOTHERMS. 
PEPE oe ln ( PEGE PMN 12 513 
PAN ese CAME COMPREQ) S$) )Tl=] ~$ CALE IDEAL $ —~RETURN 
SES) = PSANE(N)) ©$  1F(P=PS) 14,15,16 
14 CALL GENEOUS $ RETURN 
RS RRONT Co) Se REMURN 
HGRCAELES COMPREQ: 9S l= 1% $7 CALEY IDEAL $~ RETURN 
THE CRITICAL ISOTHERM. 
20 CALL GENEOQUS $ IF(DEN.LT.DCRT) RETURN 
ZCRe sO a=) We= 0 9 Ss PRENT 3) © $= RETURN 
ISOTHERMS AT T ABOVE TCRT. 
Zon CABENGENEOUS 7 $0) REMURN 
THERMOM FOR GIVEN ISOBAR AT THE MELTING LINE, GET T. 
RETURNS T,DEN, E,H,S, CV,CP,W, DPMDT ,DPDT,DPDD. 
ENTRY THERMOM 
40 T = FINDTMF(P) $ PM = PMELTF(T) $ CALL COMPRLQ 
Gil le oe SCALE IDERES (Sn RETURN 
THERMOL FOR GIVEN ISOBAR AT SATURATED LIQUID LINE, GET T. 
RETURNS T,DEN, E,H,S, CV,CP,CSAT,W, DPSDT,DDSDT, DPDT,DPDD. 
ENTRY THERMOL : 
43 T = FINDTSF(P) $ CALL COEXIST $ RETURN 
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THERMOV FOR GIVEN ISOBAR AT THE SATURATED VAPOR LINE, GET T. 
RETURNS T DENS Eon, Se CVS CPIWN. DRSDT{ DDSD TS DRDir.DRDDE 
ENTRY THERMOV 
45 T = FINDTSF(P) $ CALL COEXIST $ DEN=DNG $ E=EG $ H=HG $ S=SG 
47 CV=CVG $ CP=CPG $ W=WG $ DPDT=DPGDT $ DPDD=DPGDD $ RETURN 
THRMM FOR ISOTHERM AT THE MELTING LINE, GET P. 
RETURNS P DENS SESH. S..-CV CROW 2 DEMDTES DP Dike SDRDDE 
ENTRY THRMM 
50 P = PMELTF(T) $ CALL COMPRLQ $ TI=T $ CALL IDEAL $ RETURN 
THRML FOR ISOTHERM AT SAT. LIQ. LINE, GET P. 
RETURNS P. DEN, .E.H5S. -CV.CP CSATAW. DPSDT, DDSDT, DPDT, DPDD. 
ENTRY THRML 
55 P = PSATECT).<$: CALL COEXIST. SaeaREGURN 
THRMVY FOR ISOTHERM AT SAT. VAPOR LINE, GET P. 
RETURNS~P ,DEN..°E, Hs Ss CV, CPS Wi DPSDIE DDSDI..2DPDT,DRDD 
ENTRY THRMY 
60 P = .PSATF(T): $1 CALI COEXIST 
61 DEN=DNG $ E=EG $ H=HG $ S=SG $ CV=CVG 
62 CP=CPG $ W=WG $ DPDT=DPGDT $ DPDD=DPGDD 
99 RETURN, « $2) END 


FUNCTION THETAF (DEN) 

THETA = TSAT*EXP(U(S)). 

LET Q = (S-1)/(ST-1), WHERE ST = DTRP/DCRT, THEN - 

IF (Se8, 45-0 = ALSO 73) LEYS: >a.) SUG=) SALSOESS 2 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR,DTHDR ,DDSDT 
COMMON/6/ TSAT, THETA, PSAT 
S = DEN/DCRT $ DSDR = DTRP/DCRT $ C = DSDR-1 
Q = (S=1)/C. $s ,Q2..=, 0*0.°$..U" =, AESO*02 
UL =-AL*3*Q24DSDR/CA, $= PCO) 5294 
Ue Ut SOU ewe 
XP = EXP(U) $ 2. THETAR.=_ TSATAXP 
DTHDR = (TSAT*U1 + DTSDR)*XP $ RETURN 
THETAF = TCRT $ ODTHDR = 0 $ RETURN $ END 


ODOaIPWHrF 


FUNCTION TSATF(DEN) 
ITERATE T TO MINIMIZE (DEN-DCALC) VIA DENGASF(T), DENLIQF(T). 
IF ITERATION FAILS, PRINTOUT ONCE ONLY AND STOP AT K = 2. 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR ,DTSDR,DTHDR ,DDSDT 
DATA (Q=2.0),(FN=6.3890561) 
NOTE, FN # EXP(Q) - 1.0. 
1 FORMAT(1H1 14X *TSATF(DEN) FAILS AT DEN =* E15.7// 
1 15X 5HDCALC 13X2HDD 1OX5HDDSDT 13X2HDT 12X3HT,K ) 
FORMAT(5X 5E15.7) 
K = 0. <$ -D-=2DEN 
S = D/DCRT  $ YN = TCRIL/TMRP=1 2S. AER (D=DCRI) 5: 30%6 
ST=DGAT/DCRT $ F=ALOG(S)/ALOG( ST)*((1-S)/(1-ST))**2 $ GO TO 7 
ST=DTRP/DCRT $ U=((S-1)/(ST-1))**3 $ F=(EXP(Q*U)-1)/FN 
T = TCRT/( YN*F+1) 
DO. 20 .J=1250> $i TF (D=DERT 930110 
DC = DENGASF(T) $ GO TO 11 
DC = DENLIOQF(T) 
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DD Cee Sel CABS(DD/D) seit OE) 25), 12 
DD/DDSDT $ IF(ABS(DT/T).LT.1.0E-7) 25,13 
ele Creal Cto i h4 14 15 
URE ee GON OS 


=) 
an] 
Wood 


+ 
+ 
I 
i= CRT = 0.05 

TPUK EOI) PRINT 2a Des Bs WOSoms Wis: 1 
CONTINUE. S$) Ko =Ktls $ TEAK oNE.1) “STOP 
BRUNT eS DEN 97S") GO 10 4 


TSAR = 1 9$ DTSDR = DIRP/DDSDT $ RETURN 
PSA — CRI S) DMSDRI =O Si RETURN “$.) END 
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FUNCTION XBF(T,D) 

XBF(R,1T) # (X**BE)*EXP(A*(1-TS/T)) - XS**BE, WHERE - 

Kemal, XS + TS/IC, A # (1-BE) + SQRT(1-BE), 

KB nUSEXPIGASV) - US, Wot X**B, US # XS**B, V # (1-TS/T). 
COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTRP,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDD ,DPDR,DTSDR ,DTHDR,ODSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 
COMMON/6/ TSAT, THETA, PSAT 


B= BE $ BN= 1-B $ A = BN + SQRT(BN) 

TC=TCRT $ TS=TSAT $ X=T/TC $ XS=TS/TC $ XS1=DTSDR/TC 

URS OXeABy S$) UL -= BAU/X $° sU2 = -BN*UI/X 

WSH=eXS*AB S$ USL = BAUS*XSI/XS 

Veen $ VIR = -DNSDR/T  $ VIX = 1S/T/X $ V2X = -2*V1X/Xx 
Pe-eEXPVASY) $ Pil = AXP $ P2 = A*P1 

Ree VER Se Pe EPL S$) P2ke= PLAV2X + P2*VIUX*V1X 

AB Emp US) Se XB = USP IX a UTP 

Be USP eX ZUR IX tt U2<P 7S DXBDR =-U*PIR = USI 


RETURN $ END 


FUNCTION XEF(T,D) 

ULTRA REVISION, MARCH 29, 1981. 

XEF = H(R,T)/HS(R) - 1.0, 

HORS t= (WEWE/E)/1=1/E),  & = ET. 

X#T/TC, FHTS/T, WH(1-TH/T), WE#W**E 

Ke DE, Be leAy Ga 2P, ei 

COMMON/1/AL,BE,GA,DE,EP,ET, DCRT,TCRT,PCRT, DGAT,DTRP,TTR?,PTRP 
COMMON/3/DPDT ,D2PDT2 ,DPSDT ,DPMDT ,DPDN ,DPDR ,NTSDR,DTHDR ,DDSDT 
COMMON/4/XB1,XB2, XC1,XC2, XE1,XE2, DXBDR,DXCDR,DXEDR 

COMMON/6/ TSAT, THETA, PSAT 
Bea Elgon ek =ob/(E=1)) -$ TC 
TS S SNP SS ane ie 
We= OV eTH/T  $ IR(W) 30/304 
CONTINUE 

Wi =DNHDR/ lee Se Wl Xai TAX S$) W2X =a=exWl X/X 

WE = Wx*E $ WEL = EXWE/W $ WEIR = WEI*WI1R 

WELX = WEL*W1X $ WE2X = WEL*W2X + (E-1)*WEL*W1X*WLX/W 
H = 1 - EK*(W-WE/E) $ HIR = -EK*(W1IR-WELR/E) 

H1X = -EK*(W1X-WEIX/E) $ H2X = -EK*(W2X-WE2X/E) 

WS = 1 s WATS SY WECHS)) Sibel 

Hei S$ Stl Ss OS <€0 10 WG 
S 
S 


TCRT 
L//MG 


WS1 = (TH*DTSDR/TS - DTHDR)/TS 
WSE = WS**E $ WSE1 = E*WSE*WS1/WS 
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14 HS = 1 - EK*(WS-WSE/E) $ HS1 = -EK*(WS1-WSE1/E) 


16 .U:=").0/HS” $- ULR =) SUSHS EHS 

17) P= HU S$ 2DXEDR-= HAUIR: £ AER*U 

18 XEL = HIX*U" -$ OXE2Z = "H2K*U oS XER =ePh = Se eRe TURN 
30: XEF = XEL°=)XE22="DXEDR ="0. $4 RETURN S.=" “END 
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Data sources and 


Loops. 
Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


Table 1. 


ID numbers: 


Tempe 
K 


134.860 
140.000 
145.000 
150-000 
155.000 
160.000 
165.000 
170-000 
175.000 
180.000 
185.000 
190.000 
195.000 
195.107 
200.000 
205-2000 
210-000 
212.668 
215-000 
220-000 
225.2000 
226.276 
230-000 
235-2000 
235 2822 
240.000 
245.000 
2462511 
250-000 
255-000 
256.204 
260.000 
262.267 
265-000 
266.789 
270-000 
270.397 
272.027 
272 2806 
294.260 
327.590 
333.130 
336.420 
3362480 
340.940 
343-070 
344.260 
344.710 
345.650 
348.140 
348 -660 
348.990 
352640 
353-870 
355-080 
357.2020 
359 2020 
360.930 
361.140 
3612210 
363 450 
365-700 
366.620 
367.2850 
367.980 


Comparisons of vapor pressure data with eq (2). 


(1)Aston, (2)Beattie, (10)Dana, (19)Kay, (29)Sage, (35)Wackher, 
(37)Connolly, (95)Seibert, (96)Carruth, (97)Hirata, (98)Tickner, (99)Delaplace, (40)Thermal 


T/Tec 


051720 
252929 
0534105 
055281 
° 56457 
031633 
258809 
039985 
041161 
042337 
043513 
244689 
245865 
045890 
047041 
048217 
049393 
250021 
° 90569 
2091745 
05292) 
035221 
254097 
055273 
055467 
256449 
257625 
25/981 
°58801 
2099977 
260261 
061153 
61687 
°62329 
062750 
°63506 
263599 
263982 
264165 
069212 
°/7051 
e 78354 
0/9128 
°/9142 
°80191 
°80692 
280972 
281078 
081299 
281884 
82007 
°82084 
082943 
083232 
0835517 
083973 
084444 
284893, 
284942 
084959 
085485 
286015 
286231 
286520 
°86551 


Pgl expt) 
MPa 


°©67437E-06 
e 17216E-05 
0 59908E-05 
°86893E-05 
e 17884E-04 
°54986E-04 
°©653566E-04 
© 11714E-03 
e20212E-03 
2 55690E-03 
°34411E-03 
°85568E-03 
e 153044E-02 
e 13200E-02 
» 19449E-02 
e 28356E-02 
°©40497E-02 
°48340E-02 
256 740E-02 
e/8102E-02 
2 10576E-01 
© 11411E-01 
e 14106E-01 
e 18550E-01 
°19409E-01 
°24076E-01 
e 0869E-01 
°55268E-01 
e591351E-01 
e49080E-01 
°51852E-01 
°60950E-01 
°67106E-01 
-/4991E-01 
e80656E-01 
°91469E-01 
°92943E-01 
°98952E-01 
2 10195E+00 
e21580E+00 
° D5660E+00 
©64017E+00 
0©693557E+00 
e68950E+00 
e 76916E+00 
°80878E+00 
°85420E+00 
°835836E+00 
e86180E+00 
°90790E+00 
©9 1476E+00 
°92571E+00 
°99917E+00 
e 10342E+01 
e 1O550E+01 
e 10981E+01 
e 11475E+01 
°12024E+01 
2 11995E+01 
e 12066E+01 
e12579E+01 
2 13144E+01 
2 13399E+01 
2 13746E+01 
e 13790E+01 
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Pg (calc) 
MPa 


°67358E-06 
e 17210E-05 
°59917E-05 
°86943E-05 
e 17897E-04 
0535012E-04 
°65411E-04 
°11721E-03 
°20220E-03 
°353697E-03 
254411E-03 
°85357E-03 
2 13040E-02 
ei SD E-02 
2 19442E-02 
e28545E-02 
°©40479E-02 
°©48572E-02 
2 56716E-02 
e /8075E-02 
e 10574E-01 
°11396E-01 
° 14104E-01 
e 18550E-01 
2 19379E-01 
°24079E-01 
°50877E-01 
e55211E-01 
2 59147E-01 
e49106E-01 
°51782E-01 
°60989E-01 
°67078E-01 
°/5047E-01 
°80655E-01 
091543E-01 
°92966E-0 1 
098989E-01 
e 10197E+00 
e21562E+00 
055724E+00 
°©63961E+00 
°©69259E+00 
°693559E+00 
e 77056E+00 
°80946E+00 
°83180E+00 
°84037E+00 
°85848E+00 
°90782E+00 
09 1838E+00 
e92513E+00 
e 10022E+01 
e 10292E+01 
2 10563E+01 
e11008E+01 
2 11481E+01 
e 11946E+01 
e 11998E+01 
2 12016E+01 
e12581E+01 
e13169E+01 
0 13415E+01 
2 13749E+01 
e 13785E+01 


Diff. 
id 
012 
203 

-.02 
-.06 
-.07 
-.0/7 
-.07 
-.05 
-.04 
-.02 
-.00 
201 
003 
054 
004 
204 
004 
- 48 
004 
203 
003 
013 
201 
200 
015 
-.01 
-.03 
ol7 
-.04 
-.05 
210 
-.06 
204 
-.07 
200 
-.08 
-.02 
-.04 
-.95 
208 
~e ] 1 
209 
014 
-.59 
-.18 
-.08 
029 
-24 
0359 
001 
259 
206 
-.50 
248 
==) 1 22 
-e25 
-.05 
065 
-.03 
042 
-.02 
-.19 
-.12 
-.02 
004 


dP,/dT 
0 
MPa/K 


°128E-06 
°501E-06 
-646E-06 
2 130E-05 
°249E-05 
e453E-05 
»/89E-05 
e 132E-04 
°2135E-04 
253 55E-04 
2 D05E-04 
° /45E-04 
e 107E-03 
e IO8E-03 
0 151E-03 
°208E-03 
° 28 1E-03 
0 327E-03 
2 5/2E-03 
°486E-03 
0625E-03 
e065E-03 
e/92E-03 
2e992E-03 
° 103E-02 
e 123E-02 
e I50E-02 
2 159E-02 
e 182E-02 
02 18E-02 
e227E-02 
e259E-02 
e279E-02 
2 505E-902 
2 322E-02 
0 3556 E-02 
2 S60E-02 
0 3/9E-02 
2 S88E-02 
e691E-02 
e 141E-01 
e 156E-01 
e I66E-01 
e 166E-01 
»179E-01 
e IS6E-01 
2 190E-01 
e 191E-01 
2 194E-01 
°202E-01 
2204E-01 
205E-01 
e217E-01 
e222E-01 
e226E-01 
e2535E-01 
e240E-01 
247E-01 
2 248E-01 
e248E-01 
e257E-01 
»266E-01 
e269E-01 
274E-01 
2275E-01 


Data sources and 


LOOPS. 
Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.2000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0-000 
0.000 
0-000 
0.2000 


1D numbers: 


Tempe 
K 


369 6620 
373.140 
373.580 
3732980 
3752040 
3772240 
379 430 
384.710 
3852710 
389.370 
391.2010 
396-090 
398.140 
401.300 
423.140 


2552039 
260.2490 
2712350 
272 960 
272-2960 
283420 
290.580 
291.2910 
298 .690 
304.860 
310.280 
314.2420 
322.080 
322.080 
322.150 
330.100 
330.100 
3302630 
330-630 
325.2040 
310.930 
205.450 
213-150 
228.150 
241.850 
2502450 
2552450 
261.2850 
266.050 
273.150 
278.750 
344.260 
360.2930 
3772590 
394.260 
406.870 
410.930 
4252120 
303.150 
313-150 
323.150 
533.150 
343-150 
363.150 
373-6150 
383.150 
393.2150 
403-150 
1352430 


Table 1. 


(Continued) . 


(1)Aston, (2)Beattie, (10)Dana, (19)Kay, (29)Sage, (35)Wackher, 
(37)Connolly, (95)Seibert, (96)Carruth, (97)Hirata, (98)Tickner, (99)Delaplace, (40)Thermal 


T/Te 


286937 
087765 
28/868 
287962 
288211 
288729 
089244 
090486 
290721 
291582 
291968 
293163 
093645 
294388 
099525 


259984 
061269 
°63823 
264202 
064202 
266662 
068346 
268659 
° 70254 
e/1705 
e 72980 
e 73953 
0/5755 
e/57155 
0/5771 
27/641 
°//641 
2/7/66 
2/7766 
°/6451 
0/5132 
048323 
290134 
233662 
2 56884 
° 98907 
060083 
061589 
262576 
064246 
265564 
280972 
284895 
288811 
092732 
095698 
096653 
299991 
271303 
2/3655 
e 76007 
0/8359 
°80711 
085415 
087767 
290119 
092471 
09482_ 
0531854 


Pg( expt) 
MPa 


» 14225E+01 
e 15290E+01 
e 15385E+0 1 
2 15513E+01 
°15785E+01 
e 16505E+01 
e 17237E+01 
2 18961E+01 
e 19319E+01 
°20684E+01 
e21239E+01 
e23251E+01 
°24207E+01 
°25465E+01 
°567350E+01 


°49620E-01 
262230E-01 
°©97540E-01 
e10172E+00 
e 10230E+00 
2 15040E+00 
e 19330E+00 
e 19520E+00 
e 25000E+00 
e 30320E+00 
e55210E+00 
e539690E+00 
°48140E+00 
248640E+00 
°48930E+00 
2 59080E+00 
°59770E+00 
°©60010E+00 
°60480E+00 
°51710E+00 
°55180E+00 
e313500E-02 
°56700E-02 
e 13280E-01 
e27650E-01 
°©41450E-01 
°51260E-01 
°66390E-01 
e78570E-01 
e 10358E+00 
e12732E+00 
°85086E+00 
e 11946E+01 
e 16638E+01 
°22575E+01 
e28037E+01 
e 00T3E+01 
05 /845E+01 
e 54000E+00 
e44660E+00 
25 7330E+00 
e71990E+00 
°89330E+00 
e 14265E+01 
° 16665E+01 
e 19598E+01 
024131E+01 
02/464E+01 
2 90230E-06 
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Pg( calc) 
MPa 


» 14240E+01 
e 15256E+01 
° 15386E+01 
e 15506E+01 
e 15826E+01 
e 16505E+01 
2 17202E+01 
° 18974E+01 
e 19324E+01 
°20648E+01 
e21263E+01 
e23259E+01 
°24104E+01 
e25455E+01 
° 56696E+01 


049171E-01 
262266E-01 
°©96451E-01 
e 10257E+00 
e 10257E+00 
2 15007E+00 
° 19130E+00 
e 19984E+00 
°24794E+00 
°29894E+00 
°54996E+00 
2 39313E+00 
°48338E+00 
0483538E+00 
°©48427E+00 
2 993552E+00 
°99352E+00 
e60140E+00 
©60140E+00 
e2209E+00 
2 55649E+00 
e292935E-02 
250 169E-02 
°12699E-01 
2 26436E-01 
°59970E-01 
°500935E-01 
2©65923E-01 
e/8300E-01 
e 10331E£+00 
e 12713E+00 
°83180E+00 
»11946E+01 
2 16615E+01 
°22524E+01 
e2/985E+01 
229959E+01 
2 57934E+01 
e 28408E+00 
2 5/949E+00 
°©49712E+00 
263992E+00 
°81095E+00 
e 12505E+01 
e 15259E+01 
e 184357E+01 
°22087E+01 
°26274E+01 
e 75036E-06 


Diff. 
B 


“oe 1 ] 
22 
-.01 
005 
-.25 
-.00 
220 
-07 
-.03 
el7 
-.12 
-.03 
043 
204 
209 


091 
-.06 
1.13 
-.83 
-.26 

022 
1.04 

2232 


dP / dT 
MPa /K 


e281E-01 
° 296E-01 
e298E-01 
»299E-01 
°504E-01 
eSI4E-01 
0 525E-01 
e D48E-01 
2 555E-01 
e571E-01 
2 379E-01 
e407E-01 
°418E-01 
0437E-01 
e612E-01 


e218E-02 
°263E-02 
© 5/1E-02 
° 389E-02 
2 589E-02 
2 D25E-02 
2631E-02 
°©652E-02 
e /69E-02 
°836E-02 
0998E-02 
° 109E-01 
°127E-01 
°127E-01 
2 127E-01 
e 148E-01 
- 148E-01 
e 149E-01 
- 149E-01 
2 135E-01 
~ 1O1E-01 
e214E-03 
2 556E-05 
e/27E-03 
e132E-02 
e I85E-02 
e221E-02 
e275E-02 
25 15E-02 
2 592E-02 
e460E-02 
2 190E-01 
e247E-01 
2 515E-01 
2 597E-01 
e472E-01 
°501E-01 
2642E-01 
°8535E-02 
e 1O6E-01 
2 150E-01 
2 156E-01 
- I86E-01 
2 256E-01 
°296E-01 
0 541E-01 
2 3591E-01 
°448E-01 
© i41E-06 


Data sources and 


Loops. 
ID Weight 
96 0.000 
96 0.000 
96 9.009 
96 0.000 
96 0.000 
96 0.000 
96 0.900 
96 0.000 
96 0.000 
96 0.000 
96 0.000 
96 0.000 
96 0.000 
98 0.000 
98 0.000 
98 9.000 
98 0.000 
98 0.000 
98 0.000 
98 0.000 
98 0.000 
98 0.000 
98 0.000 
98 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.000 
99 0.900 
99 0.000 
99 0.000 


Number of data points used in fit = 80; rms pressure deviation 


1D numbers: 


Tempe 
K 


137.750 
138.930 
146-520 
148.100 
154.840 
159.790 
171.2430 
184.090 
194 .650 
196.710 
205.270 
209.280 
212-900 
135.850 
139.950 
144.250 
149.950 
154.750 
159.850 
166.950 
1722850 
179.2250 
188.450 
195.859 
135-150 
136.150 
1372150 
138.150 
139.150 
140.150 
142.150 
143.150 
144.150 
145.150 
146.150 
147.150 
148.150 
149.150 
150.150 
151.2150 


Table 1. 


(Continued). 


(1)Aston, (2)Beattie, (19)Dana, (19)Kay, (29)Sage, (35)Wackher, 
(37)Connolly, (95)Seibert, (96)Carruth, (97)Hirata, (98)Tickner, (99)Delaplace, (40)Thermal 


T/Tc 


032395 
052677 
234415 
254834 
2 36419 
051583 
040321 
043299 
045783 
046267 
24828 1 
049224 
250075 
031955 
032917 
053928 
235269 
056598 
231598 
259268 
e40655 
042161 
044324 
»46065 
031788 
e 32023 
e 32258 
032494 
° 32729 
0532964 
235434 
e35670 
253905 
034140 
2 54375 
054610 
2 34846 
°55081 
059316 
e55551 


Poy( expt) 
MPa 


e IO800E-05 
e 14490E-05 
°51320E-05 
°67810E-05 
- 18450E-04 
° 32260E-04 
e 12590E-03 
°48660E-03 
e 12420E-02 
e 15390E-02 
°51520E-02 
e37740E-02 
249480E-02 
°66660E-06 
e 13330E-05 
e26660E-05 
°66660E-05 
e 13330E-04 
° 26660E-04 
°66660E-04 
e 13350E-03 
e26660E-03 
°66660E-03 
e 13330E-02 
e17330E-05 
e20000E-05 
e22660E-05 
e25730E-05 
e S0000E-05 
e59060E-05 
0453530E-05 
e55550E-05 
e62000E-05 
e 72000E-05 
e83350E-05 
°©96790E-05 
e 11332E-04 
e 14000E-04 
e 17065E-04 
e 19865E-04 


53 


Pg(calc) 
MPa 


2 11483E-05 
° 14248E-05 
°©493511E-05 
°©65132E-05 
e 17503E-04 
0 54071E-04 
e 13750E-03 
°49978E-03 
2 12669E-02 
» 14938E-02 
° 289 10E-02 
2 58501E-02 
0©49335E-02 
°81196E-06 
e 17060E-05 
0 5359532E-05 
0©85294E-95 
e 17284E-04 
0 5343538E-04 
°82509E-04 
e 16065E-03 
°51277E-03 
e 74455E-03 
° 13979E-02 
e/71170E-06 
°85875E-06 
e 10330E-05 
e 12390E-05 
e 14816E-05 
2 17667E-05 
°24913E-05 
°29465E-05 
e34758E-05 
e40896E-05 
°©479S8E-05 
296196E-05 
e65636E-05 
0 /6483E-05 
°88917E-05 
e 10314E-04 


0.189%. 


Diff. 
é 


-5.95 
1.70 
4.08 
4.11 
504] 
Dez 
-8.44 
-2 0064 
-1.97 
2.68 
8.33 
-1.98 
029 
-17.290 
-21.86 
-24.54 
=22.7/5 
-22 88 
-22 36 
-19.21 
-17.202 
-14.76 
-10.47 
-4.64 
143.50 
132.90 
119.36 
107.67 
102.48 
121-09 
81.95 
80.99 
78.38 
76206 
7361 
72024 
72.265 
83.05 
91.92 
92.60 


dPg/dT 
MPa /ik 


«208E-06 
°254E-06 
-7/81E-06 
» 1OOE-05 
° 244E-05 
e442E-05 
e 1I52E-04 
e469E-04 
e 105E-03 
2 121E-03 
e211E-03 
2 269E-03 
2 351E-03 
» 1I52E-06 
° 299E-06 
°578E-06 
2 129E-05 
°241E-05 
0445E-05 
e969E-05 
e 174E-04 
°512E-04 
266 35E-04 
e114E-03 
e 135E-06 
e 160E-06 
e 189E-06 
°223E-06 
e 2635E-06 
° 508E-06 
°421E-06 
©491E-06 
e D/0E-06 
°660E-06 
e 765E-06 
°879E-06 
2 1O1E-05 
e116E-05 
e 133E-05 
e 1I52E-05 


Data sources and |D numbers: 


Table 2. 


Comparisons of saturated 


liquid density data with eq (3). 


(2)Carney, (7)Coffin, (8)Connolly, (10)Dana, (15)Foehr, 


(17)Benoliel, (18)Kahre, (19)Kay, (25)0Ids, (29)Sage, (32)Sliwinski, (33)NGAA, (90)Haynes, 


(91)Orrit, (92)McClune, (93)Van der Vet. 


Weight 


1-000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.090 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 


Tempe 
K 


1352075 
138.041 
140.075 
142.049 
143.150 
145.075 
147.788 
148.150 
150.075 
153-150 
153.204 
155.075 
158.150 
158.587 
160.075 
163-150 
164.010 
165.075 
168.150 
169.522 
170.075 
173-150 
174.926 
180.442 
186.368 
191.789 
197.248 
204 «288 
208 «227 
213.846 
2195555) 
224.970 
226.820 
230.000 
233391 
2352870 
238 6650 
241.557 
247215 
247.760 
252249 
2550570 
2552430 
258.254 
263.2785 
2662489 
269.401 
274.2973 
277.150 
283.200 
288 6/06 
288.710 
290.000 
293-190 
299 6820 
300.000 
303.150 
3102930 
310-930 
3132120 
322.040 
323-120 
3332110 


Cle- TH) /AGie=Th) 


099926 
298904 
298204 
097524 
097144 
29648 1 
095547 
095422 
294759 
293700 
293681 
093037 
091977 
091827 
091314 
090255 
289959 
089592 
288533 
288060 
087869 
286810 
286198 
284298 
082257 
280390 
° 7/8509 
° 76084 
0/4727 
al 292 
° 70895 
268960 
068522 
°67227 
° 66059 
e65205 
064247 
263246 
061297 
061109 
259563 
2 98488 
2 58467 
097494 
2559589 
54661 
0 53654 
e91755 
290985 
248901 
047004 
e47003 
046559 
045460 
043176 
043114 
242029 
2 39349 
«39349 
238595 
155522 
055150 
0351709 


Density (expt) 


mol/L 


12.652 
12.595 
12.571 
12.532 
12.514 
12.492 
12.441 
12.2435 
12.409 
1223557 
12.354 
12.330 
12.276 
12 6266 
12.248 
12.196 
12.179 
12.163 
122116 
12.092 
12.084 
12.035 
12.003 
11.915 
112817 
11-728 
11.636 
112522 
11.458 
11.362 
11.271 
112174 
11.143 
11.091 
11.034 
10.992 
10.942 
10.892 
10.793 
10.791 
10.702 
10.662 
10.658 
10.597 
10.496 
10.464 
10.393 
10.289 
10.259 
10.145 


10.033 


10.047 
10-007 
9.949 
9.822 
9.810 
9-752 
9.597 
9.586 
9.545 
9. 363 
92327 
9.102 
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kg/m 


735037 
732.208 
730266 
728 42 
727236 
726.09 
723611 
722.76 
721228 
718.22 
71804 
716.67 
713653 
712294 
711293 
708.87 
707291 
706299 
70426 
702.81 
70237 
699.55 
697.69 
692.52 
686.88 
681.66 
676235 
669.68 
665.96 
660.42 
655.14 
649.46 
647.70 
644.66 
641.235 
638.90 
636200 
633607 
627.35 
627.20 
622.06 
619.70 
619.50 
615295 
610.09 
608.20 
604.11 
598.05 
59630 
589.67 
583.13 
584.00 
581.63 
578628 
570.90 
57022 
566.82 
557.280 
557.16 
554.78 
544.20 
542.13 
529.06 


Density (calc) 
kg/m3 


735207 
732027 
730035 
728.249 
727.46 
725265 
723.09 
722675 
720 94 
718205 
718.00 
71624 
713236 
712.94 
ANS) 
708-66 
707285 
706.85 
703-96 
702.67 
702.15 
699-26 
697.59 
692.39 
686.79 
681.66 
676.47 
669.75 
665.98 
660.56 
655235 
649.75 
647.93 
644.80 
641.45 
638.99 
636.22 
633051 
627.60 
627.04 
622.46 
619.26 
619.19 
616.27 
610-50 
607.66 
604.56 
598.58 
59622 
589.58 
583 44 
583.44 
581.98 
578256 
570.70 
510249 
566.79 
557244 
557244 
554.76 
543.56 
542.17 
528.99 


Diff. 
% 


204 
-.03 
004 
-.01 
-01 
206 
200 
200 
005 
002 
001 
2 06 
002 
-.00 
205 
203 
201 
202 
204 
202 
003 
204 
001 
002 
001 
-.00 
-.02 
-.01 
-.00 
-.02 
-.01 
- 04 
-.04 
-.02 
-.02 
-.01 
-.05 
-.04 
-.04 
003 
-.07 
007 
005 
-.05 
-.07 
209 
-.07 
-.09 
001 
001 
-.05 
210 
-.06 
-.01 
204 
-.05 
201 
206 
-.05 
200 
012 
-.01 
201 


dPy/dT 
kg/(m3eK) 


- 9441 
-.9430 
— 29423 
-.9418 
- 09415 
-.9410 
-.9404 
-.9404 
-.9401 
-.9597 
~ 29397 
-.9595 
- 9394 
- 29594 
- 9394 
-.9395 
- 29395 
- 29396 
-.9400 
-.9402 
- 29403 
-.9409 
-.9414 
-.9431 
-.9456 
-. 9484 
- 9519 
-.9572 
“oe 9606 
-.9661 
-.9722 
-.9791 
-.9816 
- 9860 
-.9910 
-.9948 
- 9993 
-1.0043 
-1.0146 
-1.0157 
-1.0246 
-1.0312 
-1.0514 
-1.0377 
-1.0508 
-1.0576 
-1.0652 
-1.0808 
-1.0873 
-1.1064 
-1.12535 
-1.1255 
-1.1299 
-1.1418 
-1.1685 
-1. 1695 
-1.1829 
-1.2197 
-1.2197 
-1.2309 
- 1.2809 
-122875 
-1.3547 


Data sources and |D numbers: 


Table 2. 


(Continued). 


(2)Carney, (7)Coffin, (8)Connolly, (10)Dana, (15)Foehr, 


(17)Benoliel, (18)Kahre, (19)Kay, (25)Olds, (29)Sage, (32)Sliwinski, (33)NGAA, (90)Haynes, 
(91)Orrit, (92)McClune, (93)Van der Vet. 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Tempe 
K 


333.150 
343.080 
344.260 
353.090 
363-2110 
368 - 100 
377.2590 
410.930 


2272594 
233.150 
238.706 
244.261 
249.817 
2550312 
266.483 
277.2150 
288.706 
310.928 
322.2059 
333.150 
238.750 
240.350 
242.950 
248 2550 
254.150 
258/50 
262.650 
266.450 
269.650 
272 6350 
2742450 
281.650 
2862850 
288.650 
291.950 
2962450 
299.650 
302.450 
305.2650 
293.150 
298.150 
2736150 
281.150 
289.150 
297.2150 
305.150 
313-150 
3212150 
329.150 
293.150 
213-150 
223.150 
233-150 
243.150 
253150 
263.150 
273.150 
283-150 
293.150 
288 2750 
327.2550 
325-2040 


Ges) ici) 


051695 
228274 
227868 
° 24826 
021374 
° 19656 
e 16386 
204902 


68056 
66142 
64228 
062315 
60401 
58487 
54660 
50985 
247004 
39350 
035522 
231695 
064213 
63662 
62766 
60837 
58908 
057323 
55980 
54671 
53569 
52639 
051915 
049435 
47644 
47024 
45887 
044337 
043235 
42270 
41168 
045474 
043751 
52363 
49607 
46852 
44096 
41340 
38584 
35828 
33073 
045474 
73031 
69587 
266142 
62697 
©59252 
55808 
52363 
48918 
045474 
46989 
33624 
34488 


Density (expt) 


mol/L 


9.108 
8.863 
8.833 
8.606 
8-330 
8. 186 
72899 
62405 


11.131 
11.038 
10.944 
10.849 
10.755 
10.662 
10.464 
10.259 
10-047 
9.597 
9.563 
9-108 
10.946 
10.918 
10.870 
10.779 
10.679 
10.596 
10.531 
10.462 
10.405 
10.357 
10.319 
10.199 
10.090 
10.054 
9.987 
92905 
9.832 
9.774 
9.710 
9.960 
9862 
10.309 
10.1635 
10.013 
9.850 
9.695 
9.528 
92352 
9.161 
9.963 
112385 
11.216 
11.047 
10.875 
10.701 
10.519 
10.337 
10.147 
9.956 
10.054 
9.238 
9-309 
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kg/in> 


529.40 
515018 
513.41 
500.24 
484.20 
475.82 
459.11 
372.26 


647.200 
641.60 
63610 
630.60 
625-10 
619.70 
608.20 
596.30 
584.00 
557-80 
544.20 
529.40 
636220 
634.60 
631.80 
626.50 
620.70 
615.90 
612.10 
608. 10 
604.80 
602-00 
599.80 
592.80 
586250 
584.40 
580250 
575670 
571.50 
568.10 
564.40 
578290 
573220 
599.20 
590-70 
582.00 
572.50 
563 50 
55380 
543.60 
532.50 
579.10 
661.60 
651.90 
642.10 
632.210 
622.00 
611.40 
600.80 
589.80 
578270 
584.40 
536.95 
541.210 


Density (calc) 
kg/m 


528 95 
515.09 
513239 
500. 24 
484.26 
475.19 
458.51 
37321 


647.17 
641.69 
6366 16 
630.59 
624.95 
619.25 
607.65 
59622 
583.44 
557245 
543.56 
526 6935 
636212 
634.52 
631291 
626.24 
620.51 
615-76 
611.69 
607.69 
604.29 
601.40 
599.14 
591.29 
585.52 
583.50 
579017 
574 662 
570.90 
567.61 
563.81 
578-240 
572.65 
600. 54 
591.84 
582 94 
573281 
564.41 
5542/2 
544.79 
534.30 
57840 
661.24 
651.53 
641.69 
631.71 
621.54 
611.16 
600.54 
589.64 
57840 
58339 
536041 
539.69 


Diff. 


209 
002 
200 
-.00 
-.01 
201 
013 
25) 


-.03 
-.01 
-.01 
200 
202 
207 
009 
201 
210 
206 
012 
209 
001 
01 
-.02 
004 
003 
002 
007 
007 
208 
210 
oll 
025 
ol7 
015 
013 
219 
ell 
209 
210 
009 
210 
-.22 
-.19 
-. 16 
-.25 
-. 16 
ell 
-.20 
-.54 
012 
206 
206 
206 
206 
207 
204 
204 
205 
205 
ol7 
210 
» 26 


dpy /dT 
kg/(m3 eK ) 


-123550 
-1.4354 
-1.24460 
-1 25348 
-1.6605 
-1.7360 
-1.9148 
-3.8043 


- 9826 
-.9906 

-.9994 
-1.0091 
-1.0197 
-1.05135 
-1.0576 
-1.0873 
=1\.1253 
-1.2197 
-1.2809 
-1.23550 

- 29995 
-1.0022 
-1.0067 
-1.0172 
-1.0286 
-1.0388 
-1 0480 
=1.0575 
-1.0659 
-1.0735 
-1.0793 
-1.1013 
-1.1187 
-1.21251 
-1.1371 
-1.1546 
-1.1678 
-1.1798 
-1.1943 
-1.1417 
-1.1615 
-1.0756 
-1.0997 
-1.1269 
-1.1574 
-1.1920 
-1.22311 
-1.2756 
-1.25266 
-1.1417 
- 09654 
-29768 
- 9906 
-1.0071 
-1.0265 
-1.0492 
-1.0756 
-1.1062 
-1 21417 
-1.1254 
-1.5158 
-1.2995 


Data sources and 


{D numbers: 


Table 2. 


(Continued). 


(2)Carney, (7)Coffin, (8)Connolly, (10)Dana, (15)Foehr, 


(17)Benoliel, (18)Kahre, (19)Kay, (25)Olds, (29)Sage, (32)Sliwinski, (33)NGAA, (90)Haynes, 
(91)Orrit, (92)McClune, (93)Van der Vet. 


ID Weight 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
29 ~=—0.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 -* 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
91 0.000 
93 0.000 
93 0.000 
93 0.000 
93 0.000 
93 0.000 
93 0.000 
95° 708000 
93 0.000 
93 04.000 


Tempe 
K 


5364890 
345.650 
353-870 
3612310 
367.980 
3732980 
379.430 
384.710 
389.2370 
393.760 
402.040 
405.870 
4092520 
412.870 
415.980 
419.260 
422.2320 
294.260 
310.930 
327.2590 
344.260 
360 930 
3772590 
394.260 
135.366 
139.441 
144.783 
150.2530 
155.930 
161.370 
166.654 
172.198 
177-2707 
183502 
189.090 
194.492 
202.744 
205 2434 
211.023 
216-625 
222.2085 
230 6623 
2360111 
244.355 
249.972 
255 © 304 
261.019 
266.732 
273.2038 
283.150 
288.710 
293.150 
298. 150 
303. 150 
308.150 
313.150 
318-150 
323.1590 


(Te-T)/( Tc-Tt) 


230548 
22/589 
024557 
021994 
2 19697 
e 17630 
015753 
e 13934 
e 12329 
2 10816 
°07964 
206645 
205456 
204234 
003162 
202032 
200978 
24509 1 
239349 
253610 
°2/868 
022125 
e 16386 
2 10644 
299826 
098422 
096582 
294602 
292742 
° 90868 
089048 
087138 
285240 
035244 
081319 
° 79458 
°/6616 
e 75689 
e 73764 
0/1835 
269953 
067012 
065122 
262289 
060347 
2 58490 
2 56542 
2594574 
2 52402 
048918 
247003 
045474 
043751 
242029 
240307 
° 38584 
° 36862 
e35140 


Density (expt) 


mol/L 


9.045 
86827 
8.618 
8.414 
82215 
8.031 
72854 
76/0 
70495 
70514 
6.931 
62730 
62529 
6292 
62046 
50/43 
52530 
10.007 
9.650 
9.301 
8919 
8.449 
72928 
72258 
12.640 
12.574 
12.489 
12.397 
12.310 
12.221 
12.138 
122047 
11.959 
11.864 
11.772 
11.683 
11.544 
11.503 
11.411 
11-318 
112226 
11.083 
10.988 
10.844 
10.744 
10.649 
10.547 
10.443 
10.326 
10.130 
10.023 
92944 
9.846 
9-746 
9.641 
9.538 
92435 
9-328 


kg/ind 


525075 
5135207 
500.90 
489.05 
477.51 
466.78 
456.53 
445.80 
435254 
42513 
402.87 
391.17 
379.248 
365-70 
351244 
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Data sources and ID numbers: 


Table 4. 


Comparisons of second virial 


coefficients with eg (5). 


(2)Beattie (1939), (3)Beattie (1942), (4)Bottomley (1964), 


(5)Bottomley (1977), (19)Kay, (25)O0lds, (26)Gunn, (27)Jones, (28)Kapallo, (29)Sage, 


(30)Kretschmer, (31)McGlashan, (32)Tripp, (33)Strein, (35)Das, (37)Connolly. 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.2000 
1.000 
1.000 
1-000 
1.900 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.090 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
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244.09 
273206 
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280-00 
282 30 
283.16 
28316 
283216 
283.16 
290.00 
296-10 
297.00 
297. 14 
300.00 
303-04 
303.04 
303 04 
303.04 
305.60 
309.50 
310.94 
312-00 
320-00 
321200 
323021 
323021 
32321 
32321 
323-16 
325.268 
334 660 
340.00 
344.27 
344 230 
34646 
353.610 
560.00 
368 625 
36825 
370.86 
37322 
37322 
374.20 
377-60 
377-60 
378. 18 
378.18 
380.00 
393.80 
397.34 
398.14 
398.14 
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423.16 
426.37 
427.60 


W/Te 


0574 
2642 
0643 
0659 
0664 
2666 
° 666 
2666 
° 666 
2682 
2696 
2699 
2699 
° 706 
0/13 
0/13 
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e760 
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2888 
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2890 
2894 
0926 
0955 
0936 
0936 
0941 
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0967 
0971 
0988 
0995 
0995 
0995 
0995 
1.003 
1-006 


B 
cm /mo| 


-1230.00 
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-599.00 
-602.00 
-619.00 
-641.00 
-606.00 
-595.200 
-555-70 
-554.00 
-544.20 
-505.70 
-522.00 
-489.20 
-481.00 
-443.49 
-444.20 
-449.00 
-427.55 
-429.50 
-431.80 
-433..21 
-424.90 
-418.30 
-418.00 
-421.00 
-385.90 
-389.00 
-370-02 
-376.00 
-371.00 
-353-60 
-358.02 
-345.90 
-329.00 
-325.61 
-326.10 
-328.75 
-328./70 
-331-00 
-322.10 
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B- (expt) 


-4.822 
-32516 
-3.618 
-3.536 
-3.379 
-32316 
-3.379 
-3.379 
-3.454 
-3.254 
-22913 
-2.971 
-2.881 
-2.967 
-22920 
-2.803 
-2./09 
-2.724 
-2.815 
-2.591 
-2.7714 
-2 642 
-2.524 
-2.489 
-2 2348 
-2.560 
-2 426 
-2.515 
-22376 
-2.532 
-2.178 
Zien W/Z 
-2.133 
-1.982 
-2.046 
-1.918 
-1.886 
-1.738 
-1./41 
-1.760 
-1.676 
-1.684 
- 1.693 
-1.698 
- 1.666 
-1.640 
-1.639 
-1.650 
-1.513 
=Ne:929 
-1.450 
-1.474 
-1.454 
-1.386 
-1.403 
-1.356 
-1.290 
-1.276 
-1.278 
-1.289 
-1.289 
-1.298 
-1.263 


B- (calc) 


-4 838 
-3.649 
-3.638 
-3 430 
-3.561 
-3336 
-3.556 
-32536 
-3.536 
-3.146 
-2.990 
-2.968 
-2.964 
-2.896 
-2.826 
-2.826 
-2.826 
-2.826 
-2./68 
-2.684 
-2.654 
-2.633 
-22476 
-22458 
-2.418 
-2.418 
-2.418 
-2.418 
-2419 
2.374 
-2225 
-2.141 
-2.078 
-2.078 
-2.047 
Heyy 
-1.869 
-1./71 
=1.771 
-12742 
-1./716 
-1.716 
-1.705 
-1.669 
-1.669 
-1.663 
-1.663 
-1.544 
-1.512 
-1.480 
-1.473 
-1.47/3 
-1.457 
- 1.2368 
-1.2368 
- 1.2352 
-1.299 
-1.277 
MOAT 
-1.277 
-1.277 
-1.254 
-1.2246 


Diff. 


2017 
2133 
2920 
-. 106 
-.018 
2020 
-.043 
-.043 
~oll7 
-.088 
0077 
-.004 
2083 
-.0/72 
-.095 
0023 
ell7 
2101 
-.046 
2093 
-.119 
-.009 
-.048 
-.031 
2070 
0058 
-.009 
-.095 
0043 
0041 
2046 
-.031 
-.055 
2095 
2001 
2039 
-.017 
2033 
0030 
-.018 
2040 
2032 
0013 
-.029 
2004 
00235 
2025 
-.006 
-.001 
-.045 
2023 
-.001 
2003 
-.018 
- 2036 
-.004 
2010 
e000 
- 001 
-.012 
-2012 
-.043 
-.017 


Data sources and !D numbers: 


(30)Kretschmer, (31)McGlashan, (32)Tripp, (33)Strein, (35)Das, (37)Connolly. 


Weight 


1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.900 
1.000 
1.000 
1.909 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1-000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 


0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0-000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 


Temp. 
K 


433.30 
440.00 
444.27 
444.30 
448.16 
443.16 
448.18 
448.18 
460.90 
470.00 
472.80 
475.16 
473.16 
47321 
47321 
477.60 
477.60 
498.00 
498.16 
498.16 
498.20 
498.20 
500 90 
510290 
510.94 
52316 
523.16 
530200 
560-90 
513216 
513216 


316.18 
341249 
341.54 
341.75 
341.83 
367.09 
367135 
367.83 
367.299 
396.39 
396.46 
396.60 
427.88 
427.88 
462.69 
462.86 
463.32 
498.81 
498.98 
537-16 
53732 
537.38 
57946 
580.48 
310.94 
338272 
356649 
394.27 
422.05 
449.83 
477.60 


Table 4, (Continued). 


(2)Beattie (1939), (3)Beattie (1942), (4)Bottomley (1964), 
(5)Bottomley (1977), (19)Kay, (25)0lds, (26)Gunn, (27)Jones, (28)Kapallo, (29)Sage, 


T/Te 


1.019 
1.055 
1.045 
1.045 
1.054 
1.054 
1.054 
1.054 
1.084 
1-105 
1.112 
1.113 
1.113 
1.113 
Hels 
1.123 
1.123 
1.17] 
1.172 
1.172 
1.172 
1.172 
12176 
1.202 
1.2202 
1.231 
1231 
1.247 


W657. 


1.348 
12348 


° 44 
2803 
2803 
0804 
2804 
28635 
2864 
0865 
e866 
0932 
2932 
0933 
1.006 
1.006 
1.088 
1.089 
1.090 
1.173 
1.174 
1.263 
1.264 
1.264 
1.363 
1.365 
e731 
0/97 
2862 
0927 
2993 
1.058 
1.123 


B 
cm? /mo | 


-314.230 
-294.00 
-289.98 
-293.40 
-286. 14 
-287.230 
-286.24 
-284 80 
-272.20 
-250.00 
-253.6 30 
-252.71 
-254.20 
-255-250 
-256. 30 
-237.28 
-245.90 
-220-30 
-223.37 
-224.50 
-228.48 
-228.70 
-215.00 
-199.90 
-198.85 
-198.19 
-198.10 
- 186.00 
-161.00 
-154.09 
-157.40 


-612.30 
-518.90 
-503.60 
-512.00 
-513030 
-432.90 
-432.30 
-435.30 
-429.70 
-368.60 
367.60 
-363 280 
-303.80 
-306 50 
-248.60 
-246 60 
-243.90 
-213.90 
-201.40 
-167.10 
-160.50 
-158.10 
-125.90 
-124.60 
-742.80 
585.19 
-502 669 
-421.99 
-333.38 
-294 38 
-257.05 
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Be (expt) 


-1.232 
-1.2152 
Shel Si) 
-1.150 
-1.122 
-1.2126 
-1.2122 
-1.116 
-1.067 
- 6980 
=<3995 
-.991 
-.996 
-1.002 
-1.005 
- 29350 
- 0964 
-.864 
-.876 
-.880 
-.896 
-.897 
- 843 
-./84 
~./719 
-o//7 
-J/7 
-./29 
-.631 
-.604 
-.617 


-2.2400 
-2.034 
-1.974 
-2.007 
-2.012 
-1.697 
-1.695 
-1.706 
- 1.684 
-1.445 
-1.441 
-1.426 
-1.191 
-1.201 
-.975 
-.967 
- 2956 
-.838 
-./89 
-.655 
-.629 
-.620 
- 494 
-.488 
-2.912 
-2.294 
-1.971 
-1.654 
-1.2307 
-1.154 
- 1.008 


B- (calc) 


-1.208 
-1.165 
-1.139 
-1.159 
-1.116 
-1.116 
-1.116 
-12116 
-1.044 
-.997 
- 0983 
- 982 
- 0982 
-.981 
-.981 
-.960 
-. 960 
-.870 
- 0869 
- 869 
-. 869 
- 869 
-.861 
-.818 
-.818 
-./735 
-./73 
-./49 
-2655 
-.619 
-.619 


-2.549 
=2.119 
-2.118 
-2.115 
-2.114 
-1.784 
-1./84 
-1.776 
-1./74 
-1.489 
-1.488 
-1.487 
-1.244 
-1.244 
-1.2035 
-1.054 
-1.032 
- 866 
- 866 
-2/25 
-./25 
-./25 
-.602 
-. 600 
-2.654 
-2. 161 
-1.791 
-1.508 
-1.285 
-1.106 
-.960 


Diff. 


-.024 
0012 
0002 

-.012 

-.006 

-.O1i 

-.007 

-.001 

-.023 
0017 

-.009 

-.009 

-.015 

-.020 

-.023 
2030 

-.004 
2006 

-.097 

-.011 

-.027 

-.028 
2019 
e035 
2039 

-.004 

- 004 
2020 
2024 
e015 
2002 


2149 
2085 
0144 
2 108 
2102 
2087 
2089 
0069 
2090 
2044 
0047 
2061 
0053 
2042 
2060 
2067 
0076 
2028 
2076 
2070 
e096 
2105 
2109 
ell 
-025/ 
2 135 
-.179 
-. 147 
-.022 
-.048 
-.047 


Ditties 
é 


-2.02 
1.06 
218 
-1.02 
-.54 
-.95 
-.59 
-.08 
-2.16 
1.74 
-.96 
-.91 
-1.50 
-2.05 
-2.357 
3.14 
-.58 
069 
-.// 
-1.28 
-3.09 
-3.19 
2.16 
4.22 
4.72 
-o5l 
-4/ 
2.67 
3.68 
2258 
228 


5085 
4.00 
6.80 
5el1l 
4.81 
4.90 
5.00 
3.91 
5205 
2294 
3216 
4.08 
4.26 
341 
5084 
6651 
7052 
321 
8.79 
9.68 
13219 
14.46 
18.05 
18.54 
-9.69 
-6.18 
-10.01 
-9.73 
-1./3 
-4 254 
-4.93 


Data sources and ID numbers: 


(30)Kretschmer, (31)McGlashan, (32)Tripp, (33)Strein, (35)Das, (37)Connolly. 


ID Weight 
19 0.000 
19 0.000 
19 0.000 
19 0.000 
29 0.000 
29 9.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 
30 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
31 0.000 
37 0.000 
37 0.000 
37 0.000 
37 0.000 
37 0.000 
37 0.000 
37 0.000 


Number of data points = 94; rms deviation 


Tempe 
K 


505.38 
53316 
560 94 
5882/2 
310294 
327.60 
344.27 
360.94 
377260 
394.27 
303.16 
296240 
307.50 
318220 
328.290 
337-80 
348.40 
358 40 
368.40 
377290 
387.60 
400.40 
413.40 
344.26 
360 93 
377.59 
394.26 
406.87 
410.93 
444.26 


Table 4. (Continued). 


(2)Beattie (1939), (3)Beattie (1942), (4)Bottonley (1964), 
(5)Bottomley (1977), (19)Kay, (25)0lds, (26)Gunn, (27)Jones, (28)Kapallo, (29)Sage, 


T/T. 


1.189 
1.254 
1.319 
1.385 
0/3 
e/71 
e810 
2849 
2888 
2927 
0/13 
2697 
0/235 
e /48 
0/4 
0/95 
0819 
2843 
2866 
2889 
0912 
0942 
0972 
0810 
0849 
2888 
0927 
0957 
0967 
1.045 


cm? /mo| 


-225.6] 
-201.37 
-182.51 
-168.29 
-660.61 
-616.33 
-567.57 
-523.67 
-501.54 
-472.28 
-761.00 
-720200 
-667.00 
-619.00 
-568.00 
-533-00 
-501.00 
-466.00 
-440.00 
-410.00 
-383.00 
-353-00 
-322.00 
-517.00 
-464.70 
-418.60 
-381.30 
~356.10 
-348.60 
-289.80 


SS Zell 
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B-( expt) 


-.8/7 

-./89 

-./15 

- 660 
-2.590 
-2.416 
-2.225 
-2.053 
-1.966 
=] 0851 
-2.983 
-2.822 
-2.615 
-2426 
-2.227 
-2.089 
-1.964 
-1.827 
-1./25 
-12607 
-1.501 
-1.584 
-| 2262 
-2.027 
-1.822 
-1.641 
-1.495 
-1.596 
-1.567 
-l. 136 


B- (calc) 


- 2340 

-./38 

-.653 

-.5/9 
-22654 
-2.540 
-2.078 
-1.857 
-1.669 
-1.508 
2.823 
-2.982 
-2./27 
-2.510 
-2.318 
-2.175 
-2.020 
-1.889 
-1./69 
- 1.666 
-] 2569 
-1.454 
-1.349 
-2.078 
-1.857 
-1.669 
-1.508 
-1.400 
-1 2 368 
-1.139 


Diff. 


-09357 
-.051 
=-.0A3 
-.081 
2065 
-.076 
-. 147 
-.196 
=.297 
-2544 
-. 160 
2 160 
0112 
084 
2092 
2085 
2056 
2062 
0045 
2059 
2 068 
2070 
2086 
2052 
2036 
2028 
0013 
2004 
2001 
2003 


Diff. 
2 


-4.42 
-6.89 
~9.54 
-13.97 
244 
-3.23 
-7.05 
-10.53 
-17.279 
-22.81 
-5 68 
5256 
4.12 
3234 
3296 
392 
2.78 
3228 
2252 
353 
4.33 
4.82 
6.40 
2249 
1.92 
1.70 
086 
029 
209 
024 


P/ 


210 

°20 

030 

040 

250 

260 

°/0 

080 

290 
1.00 
1.10 
1.20 
130 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
200 
2.10 
220 
230 
240 
2.50 
2.60 
2-70 
2.80 
2290 
3200 
3.10 
320 
330 


Table 5. 


Tg 
K 


348.775 
379.2794 
397 e991 
408.763 
415.972 
420.518 
423.211 
424.589 
425.091 
425.160 
425.081 
424.595 
423.384 
421.193 
417.816 
413.099 
406.927 
399.224 
389.940 
379.049 
366.541 
3522424 
3362719 
319.471 
300.745 
280.642 
259.299 
236 894 
213-646 
189.803 
165-632 
141.394 
117.329 


Behavior of coefficients of equation of state for 
normal butane (eq (6)). 


i) 
K 


3262499 
3622591 
385.396 
400.847 
4112292 
418.089 
422.177 
424.282 
425.2053 
425.160 
425.043 
424.287 
422.351 
418.760 
413.115 
405.099 
394.485 
381.141 
365.2035 
346.239 
324.930 
3012385 
275.2985 
249.196 
221.565 
193.688 
166.199 
139.716 
114.817 

91.993 

71.616 

530922 

38-996 
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Pog 
MPa 


29207 
127320 
25859 
2.8891 
322581 
SOO) 
3.6739 
327597 
32/916 
327960 
327909 
327600 
326845 
325526 
323593 
361062 
28012 
2.4561 
20860 
1.7079 
1.3394 

09975 

26976 

04511 

02641 

2 1361 

20592 

e0205 

20052 

20008 

20001 

20000 

e0000 


BCP) 


045827 
0463542 
247199 
048399 
249942 
251828 
° 4056 
256628 
259542 
°62800 
266400 
e/0343 
e 74629 
2/9258 
284230 
289544 
095202 
1.01202 
1.07546 
1.14232 
1.21261 
1.28633 
12356347 
1244405 
1.52806 
1.61549 
1.70635 
1.80064 
1.89836 
1.99951 
2.10409 
221210 
2232355 


C(P) 


-.52914 
- 44607 
- 36821 
- 29608 
23011 
-.17061 
-.11780 
-.07177 
- 203254 
0.00000 
202603 
204583 
205975 
206819 
007161 
007053 
006547 
005700 
204567 
203203 
201663 
00000 
-.01738 
-.03505 
- 05259 
- 06964 
- 08588 
-. 10103 
-.11488 
~.12724 
- 13800 
-e 14707 
-. 15442 


8vO0l *- 
LSZ60°- 
L8vso0°- 
6£LL0°- 
vLOLO°- 
vl e90°- 
6£9S0°- 
26670°- 
¢lev0°- 
velc0°- 
9062055 
£0LZ0°- 
G1 220°- 
99L10°- 
LG¢10°- 
16600°- 
09900°- 
66£00°- 
£S100°- 
2Z000°- 
00000 °0 
¢¢000° 
0Z100° 
86Z00° 
c0S00° 
£GL00° 
6v010° 
68¢ 10° 
CLLLO® 
L61 20° 
£L9Z0° 
L81¢0° 
8ZL¢0° 
GI<v70° 
6£670° 
109S0° 
00£90° 
SS0L0° 
vOslo° 
L0980° 
vv v60° 


co) é 
L(+ 4desne) 


L¢9Z0° 
66£Z0° 
1 ZLZ0° 
£G6L0° 
9vL10° 
6vS10° 
vos lO° 
681 10° 
GZOLO® 
cL800° 
1¢Z00° 
10900° 
800° 
LLE00° 
£8Z00° 
Z0Z00° 
1 100° 
9L000° 
6Z000° 
vO000° 
00000 °- 
90000°- 
22000 °- 
LS000°- 
66000 °- 
ZS100°- 
81Z00°- 
G6Z00°- 
v8c00°- 
G8v00°- 
10900 °- 
8ZL00°- 
L£9800°- 
61010°- 
G8LLO°- 
v9 10°- 
9SS10°- 
L9L1L0°- 
186L0°- 
S12Z0°- 
09~20°- 


+o} 
1 (4°49 0/50) 


ZLvV9b 
CECCUS= 
O£ 28S °— 
LOvbS?- 
LOLOS *- 
Olgle°- 
CvObC°- 
£9602 °- 
LLO8I °- 
B8Ecl°- 
86821 °- 
OL9O1 °- 
82580 °- 
LS990°- 
100S0°- 
99S¢0°- 
80£20°- 
OS¢c10°- 
90S00°- 
99000°- 
00000° 
66000° 
88c00° 
ZOOL 0° 
GVL1LO° 
169Z0° 
| veco° 
L0ZS0° 
ZLL90° 
865 80° 
Z0901° 
6S 821° 
96Z2G1° 
1861 ° 
96802° 
SvOve® 
vCVLC® 
6c01¢° 
068% ° 
LLO8¢° 
o0Se tr? 


dW 


2) é 
L(+ +0p/2up) 


JEO14149 ous 4V) 


8L896°Ol- 
801S6° 6- 
61086°8- 
¢v9S0°8- 
ZLO81 °L- 
91S °9- 
8211S °S- 
8v6l8°v- 
79961 ° 
Z1E0G°S— 
GV6%6° C- 
60907°2- 
6S¢ 26° |- 
GSZ6v°l- 
LOS els 
SLLEL°- 
0180S °- 
68262 °= 
vO9lLl°?- 
LG610°- 
00000° 
9LV20° 
LGL60° 
B86S~° 
c90C0° 
9G1&9° 
CLE S6° 
6LG92° | 
010S9°1 
65980°Z 
9978S °C 
cO9Z1°S 
6LEZL°S 
BS7le°V 
£9080°S 
LOL V8°S 
£08G69°9 
G662S°L 
G9OLSv’°s8 
821 Vv°6 
S608r°Ol 


2) ‘ Y 
1(+ 4g p/ep) 


*aueing 


jewsou Jo W4sy.os 


COVIC°L- 
6268S °9- 
6L7296°S- 
879s °G- 
LLG6L° v- 
16562 °b- 
COG UL* S- 
97692 °¢—- 
vcS18°?C- 
L6G6% °Z- 
06L00° Z- 
ZS1S9°|- 
BE LZ ° L- 
80920°1- 
OSeLL°- 
S87SG°- 
vO6SE °- 
GOOLZ°- 
LL8LO0°- 
9Z010°- 
00000° 
GVSlO° 
1£090° 
¢09G1° 
9GILC° 
9981 7° 
GLL6S° 
1¢608° 
88ss0°1 
Loge * 1 
60169°1 
98866° 1 
6LI8S°? 
vo008°C 
CO6PSC°S 
COSUL°S 
L9gle°v 
62828°P 
GlLOvH°S 
LE6L0°9 
LO9GL°9 


> 4 » 
1(+ 4gp/21p) 


£1S209090° 
G8v89c1S0° 
vZ60L1S 70° 
C6LLEOSEO® 
L8686S620° 
vee 980VZ0° 
LLSS¢¢610° 
89S9/17ZS10° 
v9Z7S8L 10° 
vl L000600° 
vS0¢299900° 
L0SZ8Zv00° 
Gl vOSs00° 
986vL1 200° 
998¢ VS 100° 
Z9S19L000° 
G¢Z1LE000° 
6S61S1000° 
960££0000° 
6791 00000° 
000000000° 
994Z00000° 
G61SZ20000° 
21201 1000° 
622 ZLZ000° 
6S90SS000° 
66£ 1 86000° 
vvvco9l00° 
LELEGVZOO® 
£G69LS£00° 
G686£0S00° 
190S78900° 
1£6£S0600° 
GZ8vCLIL 10° 
82CS68V10° 
8Z0819810° 
8512 762Z0° 
1801 Z6L20° 
9¢ 9Z09¢¢50° 
L888c00v0° 
98608ZL10° 


5 ed 
é 
1(+ 40e/4e) 


$e) 
(*>/edW ZLZv90°0 = %(1e/de) = LPp/2dp yusod 
1 JeO14F14d (d)d pepyetnojed 


C6VBLL1000°l SS66899866° 
vvS0G60000°| S&v86r8s66* 
GPLLGLOOOO'| £566510666° 
71996G0000°| ZZL1Z91666° 
LG1€9v0000°| 811662666" 
v98SG50000°! 661551 7666° 
66%S9Z0000°! Z91S81S666° 
Z60S610000°! 660019666° 
Z£66E10000°! 650L689666° 
6SSL600000°| 1S561S1666° 
LGLS6900000°| 816SS18666° 
GvSZv00000°! 096%598666° 
OL19Z00000°| ¢€Z8vZ06666° 
8606100000°! Ol10”S56666° 
6008000000°! ZOZ1L66666° 
68L£000000°! LLZS¥L6666° 
8971000000°! 1196986666° 
1Sv0000000°| 6S8Zv66666° 
0900000000°! £9¢/866666° 
1000000000°! 16%76666666° 
0000000000"! 0000000000° 
1666666666°  29L8666666° 
€666666666°  SL00666666° 
€196666666°  £981566666° 
1Z68666666°  006Z066666° 
76ZL666666°  O0LZ186666° 
9ZZ1666666°  6510896666° 
GZ06866666°  08596%6666° 
7580866666°  LG8ZSZ6666° 
0£98966666°  8980168666° 
G060S66666°  %09ZS8666° 
08L9Z66666°  1187908666° 
ZLvv686666° LEvl6vl666° 
LZZZS86666°  9905189666° 
€L08616666°  L\lv0Z09666° 
vL86ZL6666°  S90%01S666° 
89ZS1796666°  80S%S07666° 
6691756666  L81Z98Z666° 
08591 ¥6666°  O00GL1S1666° 
GG£99Z6666°  9180100666° 
Z£78806666° 88hZ558866° 
2 d/d 24/9d 
°9 e1ge1 


—_ 


vS8LV18666° 
0£866£8666° 
0918298666° 
LLLUS88666° 
87861 06666° 
SL9OV816666° 
O820£°6666° 
9208S 76666" 
L£L8956666° 
8655996666 ° 
9VLEVL6666° 
LZCOL 86666° 
L0S7986666° 
|LvVL066666° 
8270 766666° 
£197966666° 
L881 866666° 
2902666666 ° 
GVC8666666° 
9266666666 ° 
0000000000° | 
8286666666° 
1298666666° 
9v1 V666666° 
GS 79866666° 
086£166666° 
£9G5566666° 
7£00£66666° 
G61 9686666° 
0782586666" 
16VL6L6666° 
0601 £16666° 
9L¢1S96666° 
8S0L556666° 
CL89V V6666° 
81561 £6666° 
2955116666° 
S7vL006666° 
8920288666° 
6Lv70198666° 
¢1L9L28666° 


91/91 


001° 
G60°1 
060° | 
G80°1 
080° | 
GLO°| 
OL0°| 
G90°1 
090° 1 
GSO*| 
0S0°1 
SvO*| 
Ov0"! 
G<0* 
0<0°1 
GczO° | 
020° 1 
G10°l 
O10°1 
so0* | 
000° 1 
G66° 
066° 
G86° 
086° 
GL6° 
016° 
G96° 
096° 
GS6° 
0S6° 
Sv6° 
06° 
G¢6° 
06° 
GZ6° 
026° 
G16° 
016° 
G06° 
006° 


0/0 
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Table 7. Comparisons of experimental P-p-T data of normal butane 
with eq (6). 


Summary of P-o-T data comparisons. 


Range of Data No. of Deviations 
Authors T(K) P(MPa) 0(kg/m3 ) Points Ap/p, rms AP/P ,mean 
($) (4) 

Beattie [3] 423-573 1.5 - 36 29-494 115 0.54 0.56 
Kay [44] 311-589 0.2- 8 5-513 437 0.50 0.43 
Olds [51] 311-511 0.07- 68 1-632 209 0.27 1.18 
Sage [64] 294-394 Oel - 20 2-610 154 0.75 WoZ7/ 
Haynes [35] 140-300 1.7 - 36 572-745 105 0.06 4.55 
Virial equation 

(this report) 300-700 0.2 - 0.6 58 41 0.26 0.24 


Total number of points used in fit = 907 
Overall rms density deviation = 0.42% 
Overall mean pressure deviation = 1.09% 
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Table 7. (Continued) 


Data sources and ID numbers: (1)Virial Equation, (3)Beattie, (19)Kay, (25)0lds, (29)Sage 


(XXXX) Haynes. 
ID Data Weight Tempe Density Density Density Pexpt Peale Pressure 
Point expt calc Diff. Diff. 
No. K mol/L kg/m? kg/m? 4, MPa MPa 4 

i 1 1.000 300.000 e 100 5.81 5/8 052 °2310 02321 -48 
1 2 1-000 310-000 -100 5.81 5-19 040 2402 02411 -258 
1 5) 1.000 320.000 » 100 581 5 80 e350 02493 »2500 -.28 
i 4 1.000 330.000 «100 581 5.80 020 025835 02588 -.19 
1 5 1.000 340.000 » 100 581 5-81 012 2673 - 2676 -.11 
1 6 1.000 350-000 «100 5-81 5.81 005 02/62 02/763 -.04 
1 7 1.000 360.000 e100 5.81 5.81 -.02 22851 2 2850 201 
1 8 1.000 370-000 e100 581 5-82 -.07 02939 02937 207 
1 9 1.000 380.000 e100 5.81 5282 -e11 05027 05024 el] 
1 10 1.000 390.000 2100 581 582 -015 05115 05110 015 
1 1 1.000 400.000 2 100 581 5 82 -.19 03202 ©5196 18 
1 12 1.000 410.000 e100 581 5.82 -.21 05289 05283 021 
1 13 1.000 420.000 e 100 5.81 5-83 - 24 05576 05569 025 
1 14 1.000 430.000 2100 5.81 5085 -.25 05465 05455 025 
1 15 1.000 440 .000 - 100 581 52835 -e2/ 05550 25540 °26 
| 16 1.000 450.000 2100 5.81 5.83 -.28 03636 05626 027 
1 17 1.000 460.000 » 100 581 5285 -.29 ©3122 05/12 028 
1 18 1.000 470.000 °100 581 5285 -.50 » 5808 3197 029 
1 19 1.000 480.000 - 100 5.81 5285 - 50 2 3894 ° 3883 229 
1 20 1.000 490.000 2100 5.81 5285 050 25980 05968 250 
1 21 1.000 500.000 e100 5.81 5 85 =e51 4066 04054 030 
1 22 1.000 510.000 2100 581 5083 51 04152 04139 250 
| 23 1.000 520-000 - 100 5.81 5685 -.51 04237 04224 250 
1 24 1.000 530.000 e100 5.81 52835 50 04322 04310 250 
1 25 1.000 540.000 e100 5.81 5285 - 50 24408 24395 250 
1 26 1.000 550-000 2100 5.81 583 -.30 04493 04480 o29 
1 27 1.000 560.000 2 100 5281 5285 =.29 04578 04565 229 
1 28 1.000 570.000 e100 581 5.83 -29 04663 °4650 028 
1 29 1.000 580.000 e 100 581 5.85 -.28 4748 04735 228 
1 30 1.000 590.000 2100 5-81 5283 -.28 04834 24820 o2/] 
1 31 1.000 600.000 2 100 581 5283 -.2/ 4918 24905 o2/ 
1 32 1.000 610.000 2100 5.81 5285 -.26 05003 04990 °26 
1 33 1.000 620.000 ° 100 5.81 5283 - 26 ° 5088 25075 025 
1 34 1.000 630.000 - 100 581 5.83 e929 051735 09160 025 
| 35 1.000 640.000 2 100 5-81 5283 - 24 25258 05245 024 
1 36 1.000 650.000 2100 5.81 5285 - 24 05343 25330 024 
1 37 1.000 660.000 2100 5.81 5.83 -.23 05427 03415 025 
1 38 1.000 670.000 e 100 581 52835 =e 22 05512 ©5500 022 
1 39 1.000 680.000 e100 5.81 5082 -22 05597 05585 o21 
| 40 1.000 690.000 e100 5-81 582 -.21 25681 25669 21 
1 41 1.000 700-000 2100 581 5 82 -.20 05/66 05154 220 


65 


1D 


WW WWW OGG GO GW GWG WW GW GW WOW GW OW OH WOW OW OW WGN WOW GW OW OW WOW WOW OW WOW Wt WW OW OW WW OW WO 


Data sources and 


(XXXX)Haynes. 
Data Weight 
Point 

NO« 
42 1.000 
43 1.000 
44 1.000 
45 1.000 
46 1.000 
47 1.000 
48 1.000 
49 1.000 
50 1.000 
51 1.000 
52 1.000 
55 1.000 
54 1.000 
55 1.000 
56 1.000 
57 1.000 
58 1.000 
59 1.000 
60 1.000 
61 1.000 
62 1.000 
63 1.000 
64 1.000 
65 1.000 
66 1.000 
67 1.000 
68 1.000 
69 1.000 
70 1.000 
71 1.000 
72 1.000 
73 1.000 
74 1.000 
TD) 1.000 
76 1-000 
Tih 1.000 
78 1.000 
79 1.000 
80 1.000 
81 1.000 
82 1.000 
83 1.000 
84 1.000 
85 1.000 
86 1.000 
87 1.000 
88 1.000 
89 1.000 
90 1.000 
91 1.000 
92 1.000 
95 1.000 
94 1.000 
95 1.000 
96 1.000 


1D numbers: 


Temp. 
K 


423.150 
448.150 
473.150 
498.150 
523-150 
548.150 
573-150 
423.150 
448 2150 
473.150 
498 . 150 
523150 
548. 150 
5732150 
423.150 
448.150 
473.150 
498.150 
523.150 
548 6150 
573-150 
423.150 
448.150 
473.2150 
498.150 
523.150 
548.150 
5732150 
423.150 
448.150 
473.150 
498.150 
523-2150 
548.150 
573-150 
448.150 
473-2150 
498.150 
523.150 
548.150 
573-150 
448.150 
473.150 
498.150 
523.150 
548.150 
573150 
448.150 
448.150 
473.150 
473.150 
498. 150 
498.150 
523.150 
523-2150 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage_ 


Densi 
ex pt 
mol/L 


e 500 

0500 

e500 

0300 

° 500 

2900 

° 500 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.500 
1.500 
1.500 
1.500 
1.500 
12500 
1.500 
2.000 
2-000 
2.000 
2-000 
22000 
2-000 
2-000 
2-500 
2-500 
2500 
2.500 
2-500 
2.500 
22500 
3.000 
32000 
3.000 
3.000 
3.000 
3-000 
3.500 
3-500 
3500 
32500 
3.500 
3-500 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 


ty 
kg/m 


29.06 
29.06 
29.06 
29.06 
29.06 
29.06 
29.06 
58.12 
58.12 
58.12 
58.12 
58.12 
58.12 
58.12 
87.19 
87.19 
87.19 
87.19 
87.19 
87219 
87.19 
116.25 
116625 
116.25 
116225 
116.25 
116.25 
116.25 
145.31 
145.31 
145.31 
145.31 
145.31 
145.31 
145.31 
174.37 
174.37 
174.37 
174.37 
174.37 
174.37 
203 44 
20344 
203.44 
203-44 
20344 
203 44 
232250 
232.50 
23250 
232250 
23250 
232.250 
232-50 
232.50 


Density 
calc 
kg/m? 


28.97 
29.00 
29.01 
29.02 
29.04 
29 05 
29 .06 
57.67 
5767 
57.69 
576/35 
57.75 
57.84 
57.87 
86.46 
86.31 
86231 
86.44 
86.51 
86.68 
86.79 
115.51 
115.22 
115.24 
115.44 
115.74 
115.91 
116.10 
144.87 
144.31 
144.55 
144.91 
145.17 
145.59 
145.84 
173.57 
174.12 
174.60 
174.91 
175-44 
175.70 
202.22 
203.09 
20385 
204.21 
204.86 
205.17 
229.40 
229.77 
231.80 
231215 
232.98 
232.27 
233.69 
232290 
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Density 
Diif. 
b 


Fy )5) 
222 
019 
°14 
209 
205 
02 
oil 
0/9 
0/4 
268 
064 
049 
043 
083 
1.00 
1.01 
085 
o/7 
058 
045 
Flow) 
089 
087 
2/0 
043 
229 
013 
050 
069 
252 
28 
210 
sill) 
- 56 
046 
015 
-.13 
-51 
-.61 
-./6 
260 
el7 
-21 
-.38 
-./0 
-.85 
1.33 
1.17 
230 
258 
-o21 
010 
-.5l 
-el/7 


Pexpt 


MPa 


1.4875 
1.6121 
1.7337 
1.8542 
1.9738 
220924 
22099 
225007 
22/864 
320641 
3.3356 
36021 
3.8686 
4.1300 
321350 
3.6153 
4.0753 
4.5262 
4.9659 
54037 
5 ©8345 
3.4846 
4.1857 
4.8514 
55009 
6.14235 
6.7705 
705937 
3.6406 
4.5748 
54634 
6.3328 
72-1870 
8.0391 
8.8791 
4.8525 
529772 
720857 
8.1810 
9.2793 
10.3635 
50744 
624493 
78233 
9.1871 
10.5631 
11.9260 
5.2861 
52892 
6.9519 
629397 
8.6329 
8.6116 
10.3189 
10.2865 


Peale 


MPa 


1.4915 
1.6151 
1.7366 
1.8566 
1.9754 
220933 
22104 
225133 
2 8022 
3.0814 
323539 
326213 
38850 
4.1456 
3.1469 
3.63560 
4.1022 
4.5538 
4.9951 
524287 
5 08562 
324905 
4.2023 
4.8750 
5259257 
621612 
6/856 
74012 
3.26419 
4.5859 
54776 
623433 
721918 
8.0275 
8.8531 
4.8591 
529813 
720801 
8.1632 
922344 
10.2961 
520835 
604551 
728124 
9.1594 
10.4980 
11.8292 
523118 
525118 
6 9650 
6.9650 
8.6183 
8.6183 
10.2698 
10.2698 


Pressure 
Diff. 
as 


-e2/ 
6) 
-.ol/ 
-. 13 
-.08 
-.04 
-.02 
-.50 
-.56 
-.56 
-54 
-255 
-42 
-.58 
- 58 
-.5/ 
- 65 
-.61 
-.58 
-.46 
-.3/ 
-el7 
039 
-.48 
-45 
-.51 
-22 
-.10 
-.04 
-o24 
-26 
-o17 
-.0/7 

01d 

029 
-.14 
-.07 

208 

O22. 

049 

065 
-.18 


ID 
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Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

97 1.000 
98 1.000 
99 1.000 
100 1.000 
101 1.000 
102 1.000 
103 1.000 
104 1.000 
105 1.000 
106 1.000 
107 1.000 
108 1-000 
109 1.000 
110 1.000 
111 1.000 
112 1.000 
113 1.000 
114 1.000 
115 1.000 
116 1.000 
117 1.000 
118 1.000 
119 1.000 
120 1.000 
121 1.000 
122 1-000 
123 1.000 
124 1.000 
125 1.000 
126 1.000 
127 1.000 
128 1.000 
129 1.000 
130 1.000 
131 1.000 
132 1.000 
133 1.000 
134 1.000 
> 1.000 
136 1.000 
137 1.000 
138 1.000 
139 1.000 
140 1-000 
141 1.000 
142 1.000 
143 1.000 
144 1.000 
145 1.000 
146 1.000 
147 1.000 
148 1.000 
149 1-000 
150 1.000 
151 1.000 
152 1.000 
153 1.000 
154 1.000 
155 1.000 
156 1.000 


{D numbers: 


Tempe 
K 


548.150 
548.150 
573.150 
5713-150 
448.150 
473.150 
498.150 
523-150 
548.150 
573-150 
425.160 
448.150 
448.150 
473-150 
473.150 
498.150 
498.150 
523-150 
523-6150 
548.150 
548.150 
573-150 
573.150 
425.160 
448.150 
473.150 
498.150 
523.150 
548.150 
573150 
425.160 
448.150 
473.2150 
498.150 
523.150 
548.150 
573150 
425.160 
448.150 
4732150 
498.150 
523.150 
548. 150 
573-150 
425.160 
448.150 
473.150 
498.150 
523.150 
548.150 
425.160 
448.150 
473.150 
498.150 
523.150 
425.160 
448.150 
473-150 
425.160 
448.150 


Table 7. 


(Cont inued ) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Density 
expt 
mol/L kg/m? 
4.000 232.50 
4.000 232.50 
4.000 32.50 
4.000 232.50 
4.500 261.56 
4.500 261.56 
4.500 261.56 
4.500 261.56 
4.500 261.56 
4.500 261.56 
5e000 290.62 
5.000 290.62 
5.000 290.62 
5.000 290.62 
5e000 290.62 
5-000 290.62 
5-000 290.62 
5-000 290.62 
5e000 290.62 
5-000 290.62 
5-000 290.62 
5.000 290.62 
5-000 290.62 
5-500 319.68 
5-500 319.68 
52500 319.68 
5.500 319.68 
5-500 319.68 
52500 8319-68 
52500 319.68 
6.000 348.75 
6.000 348.75 
6-000 348.75 
6.000 348.75 
6-000 348.75 
6-000 348.75 
6-000 348.75 
6-500 377.81 
6-500 377.81 
6.500 377.81 
6.500 377.81 
6-500 377.81 
6.500 377.81 
6-500 377.81 
7-000 406.87 
72000 406.87 
7-000 406.87 
72-000 406.87 
72000 406.87 
72000 406.87 
72.500 435.93 
72500 435.93 
72500 435.93 
72-500 435.93 
72500 435.93 
8.000 464.99 
8.000 464.99 
8.000 464.99 
8.500 494.06 
8.500 494.06 


Density 
calc 
kg/m 


234.31 
233-66 
234.71 
234.09 
257.205 
259.28 
260.68 
261.49 
262.27 
262 67 
288.79 
287.60 
286.51 
289.42 
288. 16 
290.60 
289.54 
291236 
29035 
291.95 
290.93 
292.48 
29132 
318.19 
317.90 
318.97 
319.80 
320.41 
320.87 
321227 
347.41 
347.61 
348.17 
348.83 
349.235 
349.59 
349 85 
376.37 
376.76 
377215 
377.258 
377.288 
378.11 
378232 
405.33 
405.63 
405.95 
406.24 
406.41 
406.47 
434.23 
434.54 
434.63 
434.94 
434.98 
463.13 
463.42 
463.27 
492.07 
492.26 
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Density 
Diff. 
o 
p 


-./8 
-.50 
-.95 
-.68 
1.72 
87 
054 
003 
-e2/ 
- 42 
063 
1.04 
1.41 
041 
085 
201 
Sey) 
-e25 
209 
-46 
GEO 1 1 
-.64 
-24 
47 
256 
022 
-.04 
-o23 
-.3/ 
-.50 
2 38 
2 
2 16 
-.02 
-.14 
- 24 
- 52 
058 
228 
ol7 
206 
-.02 
-.08 
Set) 14 
238 
051 
023 
216 
ell 
210 
259 


9 
eJZt 


2350 
25) 
22 
040 
2054 
0357 
240 
256 


Pexpt 
MPa 


12.0141 
11.9797 
13.7062 
13.6657 

525354 
725143 
9.5367 
112.5754 
13.6383 
1526932 
3.8260 
529072 
58910 
8.3046 
8.2661 
10.7638 
10.7141 
1322533 
13.1895 
15-7652 
15.6831 
18.2952 
18.1818 
3.9669 
6.5041 
9.4101 
12-3900 
15.4105 
18.4553 
212.5174 
4.5975 
725305 
11.0677 
14.6942 
18.3510 
220382 
25.1325 
524047 
9.2885 
13-6171 
18.0207 
2224556 
26-9048 
31.3662 
74241 
12.2188 
17.5161 
22.8640 
28-2200 
33 5588 
11.0404 
162.9507 
2323767 
29 .8848 
363281 
17-0337 
24.2663 


31-9893" 


2624134 
35.1618 


Peale 


MPa 


11.9183 
11.9183 
13.5629 
1325629 
5.5818 
75663 
9.5684 
11.5789 
13-5930 
15.6074 
3 «8302 
509536 
5 9536 
8.3417 
8.3417 
10.7647 
10.7647 
13.2064 
1322064 
15.6581 
15.6581 
1821142 
18.1142 
329798 
6.5506 
924425 
12.3822 
15.3483 
18.3291 
21.3169 
4.4284 
725823 
11.1081 
14.6861 
18.2935 
21-9166 
2525466 
524769 
9.3713 
13.6886 
18.0530 
2224427 
26.8444 
31.2488 
75699 
12.3801 
17-6701 
22.9929 
28 3501 
33 6696 
1123183 
1722358 
23.7006 
30.1760 
36.6481 
1725247 
24.7575 
32.6184 
2722128 
35-9860 


Pressure 
Diff. 
% 


080 
051 
1.06 
0/6 

- 83 
-.69 
—33 
-.03 
053 
055 
OL 
-./8 
-1.05 
-044 
-.91 
-.01 
-47 
bys) 
—e15 
068 
216 
1.00 
05/ 
-.33 
-/1 
-. 34 
206 
4) 
269 
94 
-./0 
-.68 
- 256 
205 
051 
095 
0/35 
-1.32 
- 88 
—Oey4 
-.18 
06 
223 
258 
-1.93 
-1.50 
-.8/7 
Ze 56 
- 39 
-253 
-2.46 
-1.65 
=1.57 
-.97 
- 87 
-2.80 
-1.98 
Hick) 
-2.94 
=2.29 


ID 


Data sources and |D numbers: 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

ley 1.000 
158 1.000 
159 1.000 
160 1.000 
161 1.000 
162 1.000 
163 1.000 
164 1.000 
165 1.000 
166 1.000 
167 1.000 
168 1-000 
169 1.000 
170 1-000 
171 1.000 
172 1.000 
Wed: 1.000 
174 1.000 
175 1.000 
176 1.000 
177 1.000 
178 1.000 
179 1.000 
180 1-000 
181 1.000 
182 1.000 
183 1.000 
184 1.000 
185 1.000 
186 1.000 
187 1-000 
188 1.000 
189 1.000 
190 1.000 
191 1.000 
192 1.000 
193 1.000 
194 1.000 
195 1.000 
196 1.000 
197 1.000 
198 1.000 
199 1.000 
200 1.000 
201 1.000 
202 1.000 
203 1.000 
204 1.000 
205 1.000 
206 1.000 
207 1.500 
208 1.000 
209 1.000 
210 1.000 
211 1.000 


Temp. 
K 


310.928 
338-706 
366.483 
394 .261 
422.039 
449.817 
477.594 
505-372 
533.150 
560.928 
588.706 
310.928 
338.706 
366.483 
394.261 
422.039 
449.817 
4772594 
5052372 
533-2150 
560.928 
588.706 
310.928 
338 - 706 
366.483 
394.261 
422.039 
449.817 
477.594 
505372 
533.6150 
560.928 
588 706 
310.928 
338.706 
366.483 
394.261 
422.039 
449.817 
477.594 
505372 
533-150 
560.928 
588 706 
310.928 
338 706 
366.483 
394.261 
422.039 
449.817 
4772594 
505.372 
533-150 
560.928 
588.706 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Density 
exp 
mol/L kg/m? 
0079 4.58 
0079 4.58 
0079 4.58 
2079 4.58 
2079 4.58 
0079 4.58 
2079 4.58 
0079 4.58 
0079 4.58 
0079 4.58 
2079 4.58 
0085 4.93 
2085 4.93 
0085 4.93 
0085 4.93 
2085 4.95 
2085 4.93 
2085 4.93 
2085 4.93 
0085 4.93 
0085 4.93 
0085 4.93 
2092 5034 
0092 5054 
2092 5034 
0092 5234 
0092 50354 
2092 (5234 
2092 5034 
0092 5234 
2092 5034 
0092 5034 
2092 5054 
2100 5282 
° 100 5282 
e100 5282 
° 100 5082 
e100 5282 
2100 5.82 
e 100 5.82 
«100 5082 
e 100 5282 
2100 5282 
e 100 582 
0110 6.41 
e110 6.41 
0110 641 
2110 6.41 
0110 641 
e110 6.41 
0110 641 
2110 6.41 
0110 6.41 
2110 6.41 
2110 6.41 


Density 


calc 
kg/m? 


4.56 
4.57 
4.58 
4.57 
4.58 
4.58 
4.57 
4.57 
4.57 
4.57 
4.57 
4.90 
4.92 
4.92 
4.94 
4.95 
4.93 
4.93 
4.95 
4.92 
4.92 
4.91 
5032 
5033 
5053 
5053 
5035 
5234 
50353 
5234 
5053 
5033 
5033 
5280 
5282 
5082 
5282 
5 84 
5285 
5-82 
5283 
5 82 
5281 
582 
6.39 
6-40 
6.38 
6-40 
6.41 
6.41 


" 6042 


68 


6.41 
6.40 
6.40 
6039 


Density 
Diff. 
rd 


41 
023 
001 
207 
rie 17 
TO 1 5 
008 
206 
004 
020 
Bs llz/ 
092 
210 
025 
-e21 
-.5/ 
-.08 
-.05 
-.04 
016 
015 
250 
053 
015 
el7 
014 
“e 15 
200 
012 
003 
oll 
018 
024 
47 
°05 
010 
08 
-.18 
-.04 
207 
-.03 
004 
025 
015 
ee 
216 
036 
205 
-.0/7 
-.02 
-.16 
201 
015 
013 
024 


Pexpt 
MPa 


° 1924 
e2117 
22310 
02496 
e 2689 
°2875 
23054 
05241 
25427 
° 5606 
035/92 
22062 
02275 
02475 
22689 
02896 
25089 
03289 
03489 
25682 
° 3882 
04075 
02227 
02455 
22675 
02896 
03123 
03337 
03551 
e3/71 
2 3985 
04199 
04413 
02413 
22668 
02910 
05151 
25399 
03634 
e 53868 
04 109 
04344 
04571 
24813 
02641 
02916 
05178 
23454 
031235 
23985 
04254 
24509 
04764 
°5026 
05281 


Peale 


MPa 


21931 
02121 
°2310 
22498 
° 2684 
02871 
25057 
05242 
23428 
25613 
25/98 
22072 
02277 
02481 
° 2684 
02885 
23086 
05287 
25487 
23687 
2 5887 
04087 
02234 
22458 
e 2680 
°2900 
05119 
05537 
05555 
05772 
e 3990 
04206 
04423 
02424 
22670 
02912 
05153 
05393 
036352 
2 5870 
04108 
043546 
04583 
24820 
22649 
02921 
25190 
23456 
05721 
23984 
04247 
04510 
04771 
25033 
25294 


Pressure 
Diff. 
4 


59 
-22 
-.01 
-.07 

ol/7 

015 
-.08 
-.06 
-.04 
-.20 
“eo 17 
-49 
-.09 
-24 

20 

056 

208 

005 

204 
TO) 15 
<2) 14 
-.50 
-51 
=e 14 
~e 16 
-.13 

015 
-.00 
3 |I72 
-.03 
-ell 
-.18 
-24 
-.44 
-.05 
-.10 
-.08 

old 

004 
-.06 

003 
-.04 
-025 
aye) 14 
-.30 
-15 
055 
-.05 

007 

202 

° 16 
-.01 
“eo 1 5 
~e 13 
-24 


ID 


Data sources and 
(XXXX) Haynes. 
Data Weight 
Point 
NO. 
212 1.000 
213 1-000 
214 1.000 
215 1.000 
216 1.000 
217 1.000 
218 1.000 
219 1.000 
220 1.000 
221 1.000 
222 1.000 
223 1.000 
224 1.000 
225 1.000 
226 1.000 
Pua I 1.000 
228 1.000 
229 1.000 
230 1.000 
231 1.000 
232 1.000 
233 1.000 
234 1.000 
235 1.000 
236 1.000 
237 1.000 
238 1.000 
239 1.000 
240 1.000 
241 1.000 
242 1.000 
243 1.000 
244 1.000 
245 1.000 
246 1-000 
247 1.000 
248 1.000 
249 1.000 
250 1.000 
251 1.000 
252 1.000 
253 1.000 
254 1.000 
255 1.000 
256 1.000 
257 1.000 
258 1-000 
259 1.000 
260 1.000 
261 1.000 
262 1.000 
263 1.000 
264 1.000 
265 1.000 
266 1.000 
267 1.000 


ID numbers: 


Tempe 
K 


310.928 
338-706 
366-483 
394.261 
422.039 
449.817 
477.594 
505-372 
533-150 
560 928 
588. /06 
310-928 
338-706 
366 483 
394.261 
422.039 
449.817 
4772594 
5055/2 
533-150 
560.928 
588/06 
338-706 
366.4835 
394.261 
422.039 
449.817 
477.594 
505.372 
5336150 
560.928 
588 »/06 
338-706 
366 483 
394.261 
422.039 
449.817 
4772594 
5050372 
533-6150 
560-928 
588.706 
338-706 
366-483 
394.261 
422.039 
449.817 
477.594 
505372 
533-150 
560.928 
588.706 
338 « /06 
366.485 
394.261 
422.039 


Table 7. 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, 


Density 
ex pt 
mol/L kg/m? 
2122 7012 
0122 7012 
0122 7012 
0122 7012 
0122 7012 
0122 7012 
0122 7012 
0122 USVZ 
0122 7012 
0122 7012 
e122 7012 
° 138 8.01 
2 138 8.01 
0138 8.01 
2138 8.01 
0138 8.01 
e138 8.01 
0138 8.01 
e138 8.01 
2138 8.01 
e138 8.01 
2138 8.01 
2157 9.15 
0157 9.15 
0157 9.15 
0157 9.15 
0157 9.15 
0157 9.15 
0157 9.15 
e157 9.15 
0157 Saulid 
0157 9.15 
° 184 10.68 
2184 10.68 
- 184 10.68 
° 184 10.68 
2184 10.68 
e 184 10.68 
2 184 10.68 
° 184 10.68 
° 184 10.68 
° 184 10.68 
0197 11.44 
2197 11.44 
0197 11.44 
0197 11.44 
0197 11.44 
0197 11.44 
0197 11.44 
2197 11.44 
0197 11.44 
0197 11.44 
0212 12.32 
e212 12.32 
e212 12.32 
e212 12.32 


(Cont inued ) 


Density 


69 


Density 
Diff. 


005 


Pexpt 
MPa 


22910 
25220 
05516 
25820 
04123 
04413 
04702 
04999 
23288 
03578 
25861 
05234 
05585 
25930 
04275 
04613 
04944 
25268 
29605 
05929 
°6260 
06584 
04061 
04454 
24840 
092353 
25612 
26005 
26385 
e6757 
° 7156 
2/508 
24668 
25143 
05592 
°6054 
26502 
26964 
°/405 
e 7860 
08294 
08729 
04957 
25468 
25964 
6460 
06943 
e 7433 
0/922 
28384 
08874 
29342 
25502 
05847 
06385 
26922 


(29)Sage, 
Poalc Pressure 
Diff. 
MPa g 
2919 -.52 
25224 -.14 
03925 -24 
23822 -.07 
04118 e12 
04412 201 
°4705 -0/7 
04998 202 
25290 -.035 
03581 -.06 
05872 -.20 
23250 -49 
03597 —.355 
053938 -.21 
04276 -.02 
4610 005 
04943 01 
05274 -.13 
©5605 001 
25935 -.09 
©6264 -.05 
©6592 -.12 
4067 -.15 
04461 -. 16 
©4850 -.21 
03256 -.05 
5619 -oll 
©6000 209 
6380 08 
06758 -.02 
7136 -.00 
0/514 -.07 
04676 -ol/ 
03143 201 
25603 -.19 
e6057 -.06 
©6508 -.10 
©6956 10 
7/403 003 
e/848 215 
28292 003 
08/35 -.07 
04972 -.50 
05477 -18 
03973 -.15 
06462 -.03 
06948 -.07 
2/430 003 
°/910 015 
©8389 -.06 
8866 208 
29342 200 
25308 -.12 
05857 -.18 
06395 -.16 
6925 -.05 


1D 


Data sources and 
(XXXX) Haynes. 
Data Weight 
Point 
Noe 
268 1-000 
269 1.000 
270 1.000 
271 1.000 
272 1.000 
ZS 1.000 
274 1.000 
215 1.000 
276 1.000 
277 1.000 
278 1.000 
2719 1.000 
280 1.000 
28 | 1-000 
282 1.000 
283 1.000 
284 1.000 
285 1-000 
286 1.000 
287 1.000 
288 1.000 
289 1-000 
290 1.000 
291 1.000 
292 1.000 
293 1.000 
294 1.000 
295 1.000 
296 1.000 
297 1.000 
298 1.000 
299 1.000 
300 1.000 
301 1.000 
302 1.000 
303 1.000 
304 1.000 
305 1.000 
306 1.000 
307 1.000 
308 1.000 
309 1.000 
310 1.000 
311 1.000 
312 1.000 
513 1.000 
314 1.000 
S15 1.000 
316 1.000 
BAT 1.000 
318 1.000 
319 1.000 
320 1.000 
321 1.000 
322 1.000 
323 1.000 


1D numbers: 


Tempe 
K 


449.817 
477.594 
5056372 
533.150 
560.928 
588 . 706 
338.706 
366 «483 
394.261 
422.039 
449.817 
477.594 
505.372 
533.150 
560.928 
588 6/06 
338-706 
366483 
394.261 
422.039 
449.817 
477.594 
5052372 
533-150 
560.928 
588.706 
338-706 
366.483 
394.261 
422.039 
449.817 
477.594 
5052372 
533-150 
560.928 
588 . 706 
338-706 
366.483 
394.261 
422.039 
449.817 
477.2594 
505.372 
533.150 
560.928 
588. /06 
366 483 
394.261 
422.039 
449.817 
477.594 
505.372 
533-150 
560.928 
588.706 
366 483 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Density 
expt 
mol/L kg/m? 
0212 12.52 
0212 12.32 
0212 12.352 
0212 12.32 
0212 12.32 
0212 12232 
2230 13.35 
0250 13635 
2230 13.35 
0250 13.35 
2250 13.35 
0230 13.35 
e250 13235 
0250 13.235 
0250 13.35 
0250 13655 
0251 14.56 
0251 14.56 
0251 14.56 
0251 14.56 
e251) 14.56 
025] 14.56 
e251 14.56 
0251 14.56 
e251 14.56 
0251 14.56 
02/6 16.02 
0276 16.02 
0276 16.02 
02/6 16.02 
2276 16.02 
02/6 16202 
2/6 16.02 
22/6 16.02 
0276 16.02 
02/6 16.02 
2506 17.80 
° 306 17.80 
2506 17.80 
° 506 17.80 
2506 17.80 
e306 17.80 
0306 17.80 
2506 17.80 
2506 17-80 
2506 17-80 
0544 20.02 
0 344 20202 
0344 20.02 
0344 20.02 
0544 20.02 
0 544 20.02 
0544 20.02 
0344 20.02 
2544 20.02 
2594 22.88 


Density 
calc 
kg/m? 


12.31 
12.35 
12.56 
12.35 
12255 
12.33 
13230 
13.32 
13.33 
13232 
13.35 
13.38 
13.41 
1340 
13.38 
13.237 
14.57 
14.54 
14.55 
14.56 
14.57 
14.60 
14.63 
14.63 
14.61 
14.59 
16.00 
16.00 
15298 
16.03 
16.05 
16.11 
16.12 
16210 
16208 
16.04 
17 86 
17.79 
17.76 
17.81 
_ 17284 
17.88 
17.89 
17.88 
17.86 
17.82 
20205 
20.00 
20.05 
20.11 
20.12 
20.14 
20.15 
20.11 
20.06 
22.92 


70 


Density 
Diff. 
3 


007 
-25 
-.2/ 
-025 
=—325 
-.05 

236 

022 

elit 

°20 

001 
-o21 
- 42 
-e42 
yee) 
e 14 
-.05 

012 

210 

203 
-.02 
-229 
- 48 
-.48 
-.51 
-.17 

212 

209 

023 
-.0/7 
at} 19 
-.58 
-.62 
-.50 
- 36 
-.15 
-.34 

205 

025 
-.07 
5744 
-.48 
-.51 
-47 
55 
=el2 
=e 11 

210 
=e 
-44 
-.50 
-.56 
-.56 
-.44 
-.19 
-.16 


Pexpt 
MPa 


e 7446 
2/991 
°8515 
09032 
09549 
20046 
25674 
2628 1 
26874 
2/446 
08032 
28618 
29205 
29770 
120315 
1.0866 
06136 
06791 
° 1/439 
08081 
08715 
09363 
1.0004 
1.0625 
1.1225 
1.21825 
26640 
0/384 
08094 
08825 
09535 
1.0266 
1.0963 
1.1638 
122507 
1.2962 
0/267 
°8088 
08887 
29708 
1.0508 
1.1314 
1.2093 
1.2859 
123610 
1.4341 
08942 
29860 
1.0790 
1.1721 
1.2617 
123507 
1.4382 
1.5237 
1.6065 
09977 


— 


Peale 


MPa 


e 7451 
0/973 
28495 
09010 
09526 
1.0040 
25692 
06294 
26881 
2/460 
28033 
28602 
29167 
09731 
120292 
1.0852 
06134 
06/99 
° 7446 
°8083 
08713 
09338 
29958 
1.0576 
1.1192 
1.1805 
26646 
2/390 
8111 
28819 
09518 
1.0211 
1.0899 
1.1583 
1.2264 
1.2943 
0/247 
28091 
08905 
09702 
1.0487 
1.1264 
1.2035 
1.2802 
1.3565 
1.4325 
28934 
29868 
1.0779 
1.1674 
1.2559 
1.3436 
1.4307 
1.5174 
1.6036 
09964 


Pressure 
Dilfific 
t 


-.06 
022 
226 
024 
025 
005 

-e51 

-.20 

-.10 

-.18 

-.01 
019 
40 
240 
222 
015 
205 

-ell 

-.09 

-.035 
002 
o2/] 
046 
46 
029 
016 

-.10 

-.08 

-e21 
207 
018 
D4 
258 
248 
Pe) 
014 
o27 

-.05 

-.20 
206 
019 
044 
248 
044 
0354 
012 
009 

-.09 
ell 
40 
046 
092 
052 
042 
18 
013 


ID 


Data sources and 
(XXXX)Haynes. 
Data Weight 
Point 
Noe 
324 1.000 
525 1.000 
326 1.000 
327 1.000 
328 1.000 
329 12000 
330 1.000 
331 1-000 
332 1.000 
333 1.000 
334 1.000 
555) 1.000 
336 1.000 
SBH/ 1.000 
338 1.000 
339 1.000 
340 1.000 
341 1.000 
342 1.000 
343 1.000 
344 1.000 
345 1-000 
346 1.000 
347 1.000 
348 1.000 
349 1.000 
350 1.000 
351 1.000 
352 1.000 
353 1.000 
354 1.000 
355 1.000 
356 1.000 
=I5)1/ 1.000 
358 1.000 
359 1.000 
360 1-000 
361 1.000 
362 1.000 
363 1.000 
364 1.000 
365 1.000 
366 1.000 
367 1.000 
368 1.000 
369 1.000 
370 1.000 
371 1.000 
372 1.000 
373 1.000 
374 1.000 
375 1.000 
376 1.000 
377 1.000 
378 1.000 
379 1.000 


1D numbers: 


Tempe 
K 


394.261 
422.039 
449.817 
477.594 
505372 
533.150 
560.928 
588 . 706 
366 483 
394.261 
422.039 
449.817 
4772594 
5056372 
5332150 
560.928 
588/06 
366 483 
394.261 
422.039 
449.817 
477.594 
505.372 
533150 
560.928 
588.706 
366-483 
394.261 
422.059 
449.817 
477.594 
533.6150 
560.928 
588. 706 
394.261 
422.039 
449.817 
477.594 
5050372 
533-150 
560.928 
588.706 
394.261 
422.039 
449.817 
477.594 
505372 
533-150 
560.928 
588. /06 
394.261 
422.039 
449.817 
477.594 
505.372 
533.150 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Density 
expt 
mol/L kg/m 
0594 22.88 
0394 22 88 
0594 22.88 
0594 22.88 
2594 22.88 
0394 22.88 
0394 22.88 
0594 22.88 
0459 26/0 
e459 262/70 
0459 26./0 
0459 26/0 
0459 26.70 
0459 26.70 
0459 26/0 
0459 26.70 
0459 262/70 
2501 29.212 
2501 29.12 
2201 29212 
2501 29.12 
201 29.12 
e501 29.12 
2501 DIONE 
2501 29.12 
2901 29212 
0551 32.04 
0951 32.04 
0551 32.04 
0551 32.04 
2551 32.04 
0551 32.04 
0551 32.204 
2551 32.04 
0612 35.60 
0612 35-260 
0612 35.60 
2612 35.60 
0612 35.260 
0612 35.60 
0612 35260 
2612 35260 
0689 40.05 
2689 40.05 
2689 40.05 
2689 40.05 
2689 40.05 
2689 40.05 
2689 40.05 
2689 40.05 
2/87 45.77 
2/87 45.77 
2/87 45.77 
°/87 45.77 
2/87 45.77 
2/87 45.77 


Density 
calc 
kg/m> 


22.87 
2290 
22.91 
22 99 
23.04 
23206 
23.04 
23.205 
26.77 
26.66 
2667 
26672 
26.78 
26.84 
26.86 
26.89 
26.86 
29.30 
29.10 
29212 
29.14 
29.21 
29.27 
29.26 
29.25 
29.24 
32.21 
31.97 
31.98 
32.06 
32.12 
32.20 
32.21 
32.16 
35.56 
35257 
35-61 
35.266 
35.71 
35/2 
35671 
35.68 
39.86 
3992 
39.98 
40.05 
40.08 
40.15 
40.15 
40.14 
45.69 
45.58 
45.58 
45.68 
45.79 
45.88 


Hit 


Density 
Diff. 
, 


007 
=O 07 
=e 2 
- 48 
-.6/7 
-./9 
-.68 
-./3 
-.28 

015 

oll 
-.09 
50 
mo 53 
-.63 
-./2 
259 
-.59 

208 

000 
-.07 
-.28 
- 49 
-o47 
- 44 
-.59 
—.54 

021 

° 18 
-.06 
-o2/ 
-.50 
-.55 
-.3/7 

oll 

009 
- 04 
=reylli 
-51 
- 56 
-.53 
—24 

o47 

052 

216 
-.01 
-.09 
-e2/ 
-.26 
25 

ol7 

042 

240 

°20 
-.04 
- 24 


Pexpt 
MPa 


1.1052 
1.2128 
123176 
1.4251 
1.5299 
1.6334 
1.7527 
1.8340 
1.1266 
1.2548 
1.3824 
1.5093 
1.6347 
1.7595 
1.8816 
2.0029 
221194 
1.2052 
1.3465 
1.4886 
1.6272 
1.7657 
1.9030 
2003535 
2.1663 
2.2960 
1.2900 
1.4493 
1.6079 
1.7651 
1.9195 
2.2208 
235683 
2.5097 
1.5706 
1.7513 
1.9278 
2.1008 
2.2718 
2 04394 
226035 
22/648 
1.7058 
1.9161 
2.1194 
223187 
ZeoiliSil 
2.7076 
28958 
3.0820 
1.8712 
2.1153 
223518 
225855 
2.8165 
3.0440 


Peale 


MPa 


1.1059 
1.2121 
1.3162 
1.4189 
1.5206 
1.6214 
127217 
1.8214 
1.1242 
1.2564 
1.3837 
1.5080 
1.6303 
1.7511 
1.8708 
1.9896 
221077 
1.2000 
1.3473 
1.4886 
1.6262 
1.7613 
128947 
20266 
2.1575 
222875 
1.2852 
12.4516 
1.6102 
1.7642 
1.9151 
222107 
225564 
225011 
1.5719 
1.7525 
1.9271 
2.0978 
222657 
204315 
205957 
2.7586 
1.7114 
1.9207 
221222 
223184 
22-5111 
2.7011 
228891 
3.0754 
1.8733 
221218 
225592 
225897 
208155 
320376 


Pressure 
Diff. 
A 


- 06 
206 
210 
044 
262 
0/4 
264 
069 
e21 

03 72 

- 09 
208 
027 
048 
258 
067 
D6 
043 

-.06 

-.00 
206 
025 
44 
043 
041 
037 
058 

-. 16 

-.15 
005 
025 
046 
051 
035 

- 08 

—e O7 
203 
214 
o2/ 
052 
250 
022 

-.55 

-24 

yl) 
201 
208 
224 
025 
eZ i 

-ell 

=e51 

-.51 

-.16 
204 
o21 


1D 


Data sources and |ID numbers: 


(XXXX) Haynes. 
Data Weight 
Point 

NO» 

380 1.000 
381 1.000 
382 1.000 
383 1-000 
384 1.000 
385 1.000 
386 1.000 
387 1.000 
388 1.000 
389 1.000 
390 1.000 
391 1.000 
392 1.000 
393 1.000 
394 1.000 
395 1.000 
396 1.000 
397 1.000 
398 1.000 
399 1.000 
400 1.000 
401 1.000 
402 1.000 
403 1.000 
404 1.000 
405 1.000 
406 1.000 
407 1.000 
408 1.000 
409 1.000 
410 1.000 
411 1.000 
412 1.000 
413 1.000 
414 1.000 
415 1.000 
416 1-000 
417 1.000 
418 1.000 
419 1.000 
420 1.000 
421 1.000 
422 1.000 
423 1.000 
424 1.000 
425 1.000 
426 1.000 
427 1.000 
428 1.000 
429 1.000 
430 1-000 
431 1.000 
432 1-000 
433 1.000 
434 1.000 
435 1.000 


Temp. 
K 


560.928 
588 «706 
394.261 
422.039 
449.817 
477.594 
505.372 
533150 
560.928 
588.706 
394.261 
422.039 
449.817 
477.594 
5052372 
533-150 
560.928 
588.706 
422.039 
449.817 
477.594 
505.372 
533.150 
560.928 
588.706 
422.039 
449.817 
477.594 
505.372 
533.150 
560.928 
588 « /06 
422.039 
449.817 
477.594 
505.372 
533-150 
560.928 
588 - 706 
422.039 
449.817 
477.594 
505.372 
533.6150 
560.928 
588.706 
422.039 
449.817 
477.594 
5052372 
533-150 
560.928 
588.706 
422.039 
449.817 
477.594 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)0lds, (29)Sage, 


Density 
expt 

mol/L kg/m? 
°/87 45./7 
0/87 45.77 
0919 5339 
0919 53239 
0919 53239 
0919 5339 
2919 5339 
0919 53239 
0919 53239 
0919 5339 
1.002 58.25 
1.002 5825 
1.002 58.25 
1.002 58.25 
1.002 58.25 
1.002 58.25 
1.002 5825 
1.002 58.25 
1.102 64.07 
1.102 64.07 
1.102 64.07 
1.102 64.07 
1.102 64.07 
1.102 64.07 
1.102 64.07 
1.225 71019 
1.225 71.219 
1.225 71219 
1.225 71219 
1.225 71.19 
1.225 71219 
1.225 71219 
12378 80.09 
1.378 80.99 
1.378 80.09 
1.378 80.09 
1.378 80.09 
1.378 80.09 
1.378 80.09 
1.450 84.31 
1.450 84.31 
1.450 84.51 
1.450 84.31 
1.450 84.51 
12450 84.31 
1.450 84.31 
1.531 88.99 
1.531 88.99 
1.531 88.99 
1.531 88.99 
1.531 88.99 
1.531 88.99 
1.531 88.99 
1.621 94.23 
1.621 94.23 
1.621 94.23 


Density 
calc 
kg/m? 


45.94 
45.97 
53017 
53208 
5329 
53039 
5340 
5339 
5324 
53.13 
58.36 
57.80 
57.81 
57297 
58 02 
58.05 
58.11 
58.11 
63-52 
63.53 
63.67 
63.85 
63.91 
63.87 
63.79 
7041 
70255 
70.78 
70.89 
71 08 
71209 
70.95 
7901 
79031 
79.61 
79.64 
79077 
79281 
79 089 
83.57 
83.70 
83.87 
83.83 
83.86 
83.98 
84.06 
88.00 
88.21 
88.45 
88.51 
" 88.66 
88.68 
88.75 
93.14 
9348 
93.77 


U2 


Density 
Diff. 
A 


-.38 
-045 
043 
°60 
020 
201 
-.01 
001 
°28 
050 
-.19 
°/8 
0/5 
047 
2359 
034 
024 
023 
286 
085 
063 
Py) 
226 
Aav4 
045 
1.10 
91 


Pexpt 
MPa 


3.2681 
3.4887 
2.0546 
2.3546 
2.6483 
2.9303 
3.2026 
3.4688 
3.7232 
3.9748 
2.1636 
2.4911 
2.8103 
3.1240 
3.4267 
3.7232 
4.0176 
4.3058 
2.6428 
3.0027 
303536 
3.6990 
4.0334 
4.3575 
4.6746 
268062 
3.2212 
3.6239 
4.0127 
4.3989 
4.7712 
5.1297 
2.9827 
3.4681 
3.9355 
4.3816 
4.8229 
5.2538 
5.6813 
3.0647 
3.5818 
4.0769 
4.5505 
5.0159 
5.4779 
5.9329 
3.1371 

3.6921 

4.2230 
4.7333 
5.2366 
5.7261 

6.2122 
3.2130 
3.8128 
4.3851 


Peale 


MPa 


322571 
304745 
220597 
223641 
26522 
29505 
322023 
34692 
37324 
329928 
2.1614 
225036 
28254 
321354 
324375 
37339 
4.0260 
4.3147 
226567 
320204 
33695 
327092 
4.0420 
4.3696 
4.6932 
228235 
32403 
36591 
4.0261 
4.4047 
4.7772 
5. 1448 
3.0028 
324889 
329518 
4.4002 
4.8384 
522690 
526937 
30772 
325971 
4.0912 
4.5694 
5 ©0366 
524955 
529480 
3.1524 
327105 
4.2399 
4.7518 
502517 
521426 
622266 
3.2278 
3.28293 
4.3987 


Pressure 
Diff. 


é 


ID 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

436 1.000 
437 1.000 
438 1.000 
439 1.000 
440 1.000 
441 1.000 
442 1.000 
443 1.000 
444 1.000 
445 1.000 
446 1.000 
447 1.000 
448 1.000 
449 1.000 
450 1.000 
451 1.000 
452 1.000 
453 1.000 
454 1.000 
455 1.000 
456 1.000 
457 1.000 
458 1.000 
459 1.000 
460 1.000 
461 1.000 
462 1.000 
463 1.000 
464 1.000 
465 1.000 
466 1.000 
467 1.000 
468 1.000 
469 1.000 
470 1.000 
471 1.000 
472 1.000 
473 1.000 
474 1.000 
475 1.000 
476 1.000 
477 1.000 
478 1.000 
479 1.000 
480 1.000 
481 1.000 
482 1.000 
483 1.000 
484 1.000 
485 1.000 
486 1.000 
487 1.000 
488 1.000 
489 1.000 
490 1.000 
491 1.000 


1D numbers: 


Temp. 
K 


5052372 
533-150 
560.928 
588.706 
422.039 
449.817 
477.594 
5053/2 
533150 
560.928 
588/06 
422.039 
449.817 
477.594 
505.372 
533-150 
560.928 
588.706 
422.039 
449.817 
477.594 
505372 
533.150 
560.928 
588. /06 
422.039 
449.817 
477.594 
5052372 
533.150 
560.928 
588.706 
422.039 
449.817 
477.594 
5053/2 
533-150 
560.928 
436.428 
455.150 
474.428 
494.094 
513-983 
5332983 
554.150 
434.317 
450.817 
467.706 
484.983 
502.594 
519.817 
537.039 
432-650 
447.039 
461.983 
476.983 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)0lds, (29)Sage, 


Density 
expt 
mol/L kg/m? 
1.621 94.23 
1.621 94.23 
1.621 94.25 
1.621 94.23 
1.722 100.12 
1.722 100.12 
1.722 100.12 
1.722 100.12 
1.722 100.12 
12722 100.12 
1.722 100.12 
1.837 106.79 
1.837 106.79 
1.837 106.79 
1.837 106.79 
1.837 106.79 
1.837 106.79 
1.837 106.79 
1.968 114.42 
1.968 114.42 
1.968 114.42 
1.968 114.42 
1.968 114.42 
1.968 114.42 
1.968 114.42 
20120 125.22 
2-120 123.22 
22120 1235.22 
ZeiZ0> M2522 
20120 1235222 
2120 12322 
ZeliZO> NZS e22 
2.297 133.49 
2-297 133.49 
20297 133249 
2297 133249 
2.297 133249 
2.297 133.49 
2-505 145.62 
2-505 145.62 
2.505 145.62 
2-505 145.62 
2-505 145.62 
2-505 145.62 
22505 145.62 
22/56 160.18 
22/56 160.18 
2-756 160.18 
2-756 160.18 
22/56 160.18 
22/56 160218 
20756 160.18 
3.062 177.98 
3-062 177.98 
3-062 177.98 
3-062 177.98 


Density 
calc 
kg/m? 


93.80 
93.96 
93.93 
93 86 
98.87 
99.64 
99.60 
99.77 
99.81 
99.98 
100.01 
105.13 
105.98 
106.26 
106.37 
106.48 
106.58 
106.68 
112245 
113.71 
113.73 
114.08 
114.20 
114.31 
114.45 
121.72 
122.55 
122.73 
122.80 
123.21 
123.46 
123.77 
131.89 
132.25 
133.03 
133.41 
133.76 
133.92 
143.07 
144.35 
144.97 
145.35 
145.71 
146.09 
146.40 
155.84 
158239 
159 49 
159.91 
160.04 
160.83 
161.55 
172.67 
176.67 
176.91 
177244 


73 


Density 
Diff. 


045 
028 
o51 
259 
1.25 
048 
052 
035 
e531 
014 
olll 
1.56 
°/6 
250 
240 
029 
220 
210 
1.72 
062 
260 
2350 
019 
209 
-.03 
1.21 
095 
240 
054 
001 
-.20 
-.45 
1.20 
292 
254 
206 
-.21 
- 52 
1.75 
088 
045 
219 
-.06 
— 52 
a) 
2.71 
1.12 
043 
el7 
209 
-40 
-.85 
2.99 
0/4 
261 
230 


Pexpt 
MPa 


4.9332 
524744 
529984 
625121 
32874 
329438 
4.5540 
5.21504 
52/295 
623053 
68672 
323577 
4.0679 
4.7367 
523814 
60122 
6.6528 
722464 
324267 
4.2058 
4.9298 
526399 
6.5294 
72.0085 
76808 
324956 
4.3471 
521469 
529191 
66879 
74429 
8.1944 
325508 
4.4850 
523/79 
662432 
720947 
729290 
4.1369 
4.8265 
525158 
6.2053 
628948 
725842 
8.2737 
4.1369 
4.8265 
525158 
6.2053 
68948 
725842 
8.2737 
4.1369 
4.8265 
525158 
62053 


Peale 


MPa 


4.9490 
524861 
6.0135 
625355 
33023 
De993D 
4.5686 
521628 
50/427 
623121 
6.8734 
323746 
4.0830 
4.7509 
523958 
620252 
6.6433 
722526 
324430 
4.2177 
4.9468 
526510 
6233584 
720135 
726792 
35050 
4.3572 
5. 1583 
5 29323 
6.6884 
724314 
8.1642 
35578 
4.5014 
525878 
622455 
720842 
729091 
4.1557 
4.8431 
525283 
6.2120 
6.8921 
75669 
8.2400 
4.1592 
4.8446 
525265 
622110 
6 -8986 
725634 
822220 
4.1542 
4.8365 
525294 
622148 


Pressure 
Biiifific 
4 


eZ 
-.21 
-.25 
-.53 
-045 
-.24 
—.52 
- 24 
-25 
=o UL 
-.09 
-.50 
-.5/ 
- 50 
-.2/ 
-22 
-.16 
-.09 
-.47 
-.28 
-34 
-.20 
-.14 
-.07 

002 
-e27 
- 23 
=e22 
-22 
-.01 

015 

PY / 
-.20 
-.356 
-.18 
-.04 

015 

025 
-45 
SP) 
-.23 
-ell 

04 

223 

041 
-.54 
-.58 
-.19 
-.09 
-.06 

228 

063 
-242 
-21 
-.25 
-.15 


1D 


Data sources and 


(XXXX)Haynes. 
Data Weight 
Point 

No. 

492 1.000 
493 1.000 
494 1.000 
495 1.000 
496 1.000 
497 1-000 
498 1.000 
499 1.000 
500 1.000 
501 1.000 
502 1.000 
503 1.000 
504 1.000 
505 1.000 
506 1.000 
507 1.000 
508 1.000 
509 1.000 
510 1.000 
511 1.000 
DiliZ 1.000 
SAS 1.000 
514 1.000 
515, 1.000 
516 1.000 
517 1-000 
518 1.000 
519 1.000 
520 1-000 
521 1.000 
522 1.000 
523 1-000 
524 1.000 
525 1.000 
526 1.000 
527 1.000 
528 1-000 
529 1-000 
530 1.000 
531 1-000 
552 1.000 
255 1.000 
534 1.000 
555 1.000 
536 1.000 
py 1.000 
538 1.000 
539 1.000 
540 1.000 
541 1.000 
542 1.000 
543 1.000 
544 1.000 
545 1.000 
546 1.000 
547 1.000 


1D numbers: 


Tempe 
K 


491.983 
507.039 
5220317 
431.2150 
444 .094 
456.928 
469.594 
482.26) 
494.9835 
507-706 
430.761 
4432039 
454.650 
466.261 
477.2106 
489.261 
500.928 
441.650 
452.150 
462.983 
473.539 
483-928 
494.428 
438.372 
446.928 
455.428 
463.872 
472.428 
480.817 
433.039 
439.150 
445.206 
451.261 
457.2428 
463.261 
417.039 
426.983 
431.594 
4362428 
440.928 
445.872 
450.428 
413-706 
422.039 
425.928 
429.872 
4332928 
438.039 
442.039 
403.261 
407.039 
414.317 
418.150 
421.539 
424.928 
428.206 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Densi 
expt 
mol/L 


32062 
32062 
32062 
32445 
32445 
32445 
32445 
32445 
32445 
3.445 
3.675 
32675 
30675 
32675 
32675 
32675 
32675 
32937 
3.937 
32937 
3937 
32937 
3.937 
4.593 
4.593 
4.593 
4.593 
4.593 
4.593 
52512 
52512 
50512 
52512 
52512 
50512 
66124 
6.124 
6.124 
6.124 
6.124 
6.124 
6.124 
6.484 
6.484 
6.484 
6.484 
6.484 
6.484 
6.484 
6.890 
6-890 
6.890 
6.890 
6.890 
6.890 
6-890 


ty 
kg/m? 


177.98 
177298 
177.98 
20023 
200.23 
200.23 
200.23 
200.23 
200223 
200.23 
213.58 
213.58 
213258 
213258 
213-58 
213258 
213.58 
228.84 
228 84 
228 84 
228 84 
228 084 
228 84 
266.97 
266.97 
266.97 
266.97 
266.97 
266.97 
320637 
320.37 
320237 
320237 
32037 
320.37 
355.97 
355.97 
355297 
355.97 
355.97 
355097 
355697 
376.91 
376.91 
376.91 
376.91 
376.91 
376.91 
376.91 
400.46 
400.46 
400.46 
400.46 
400.46 
400.46 
400.46 


Density 
calc 
kg/m> 


178207 
178.59 
178279 
203.58 
198.09 
198.59 
199.76 
200.60 
201.14 
201259 
216.60 
207.90 
210.90 
212.33 
PANE TES 
214.40 
214.67 
222.59 
226.35 
226.37 
227.37 
228.47 
228 96 
263249 
264.55 
264.94 
26520 
264.85 
26502 
318.41 
318.99 
319.28 
319.27 
318.73 
319.23 
354.19 
354.30 
35541 
355031 
356.18 
355 D2 
355294 
373.78 
374.93 
376205 
37672 
37691 
376.87 
377.06 
401.24 
400.53 
400.01 
399.20 
399.57 
399.87 
400.35 


74 


Density 
Diff. 
é 


-.05 
-.54 
- 45 
-1.67 
1.07 
082 
023 
-019 
-45 
-.68 
-1.41 
266 
1.26 
038 
-.07 
-.38 
-.51 
2.73 
1.09 
1.08 
264 
216 
-.05 
1.30 
091 
0/6 
06/7 
280 
0/3 
061 
043 
234 
034 
Soil 
256 
090 
047 
° 16 


Pexpt 
MPa 


6.8948 
725842 
8.2737 
4.13569 
4.8263 
525158 
622053 
6.8948 
75842 
8.2737 
4.1369 
4.8263 
525158 
622053 
6.8948 
7.5842 
8.2737 
4.8263 
525158 
6.2053 
628948 
705842 
8.2737 
4.8263 
5205158 
602053 
6.8948 
725842 
8.2737 
4.8263 
525158 
622053 
6.8948 
725842 
8.2737 
34474 
4.8263 
525158 
6.2055 
6.8948 
725842 
802/37 
324474 
4.8263 
525158 
62053 
68948 
725842 
8.2737 
227579 
324474 
4.8263 
525158 
622053 
6.8948 
725842 


Peale 


MPa 


6.8928 
725674 
8.2469 
4.1306 
4.8395 
565332 
6.2123 
6.8874 
725620 
8.2336 
4.1318 
4.8593 
525427 


602233. 


6.8918 
725650 
8.2428 
4.8614 
5.5400 
6.2401 
629220 
7.5927 
8.2703 
4.8481 
525411 
602352 
6.9287 
76343 
8.3286 
4.8554 
559428 
662317 
629267 
726394 
8.3175 
324821 
4.8769 
525356 
6.2320 
6.8850 
726068 
8.2753 
325525 
4.9150 
525587 
6.2156 
628948 
75866 
8.2626 
22/173 
324436 
4.8573 
526082 
622750 
6.9443 
725959 


Pressure 
Diff. 
B 


203 
022 
eo) 
015 
-e2/ 
-.51 
-oll 
ell 
029 
49 
012 
-.68 
-.49 
= 029 
204 
025 
57 
-./2 
-.44 
-.56 
259 
-ell 
204 
-.45 
-.46 
-48 
-49 
-.66 
-.66 
-.60 
-49 
-42 
- 46 
-./2 
-.53 
-1.00 
-1.04 
—.56 
-43 
214 
-.50 
-.02 
-2.96 
-1.80 
-o// 
-.l/7 
-.00 
-.03 
013 
1.49 
ell 
-.64 
-1.65 
-1.11 
elif 
-.13 


ID 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

No. 

548 1.000 
549 1.000 
550 1.000 
551 1.000 
BISV2 1.000 
553 1.000 
554 1.000 
555 1.000 
556 1.000 
3)3)]/ 1.000 
558 1.000 
559 1.000 
560 1.000 
561 1.000 
562 1.000 
563 1.000 
564 1.000 
565 1.000 
566 1.000 
567 1.000 
568 1.000 
569 1.000 
570 1.000 - 
571 1.000 
572 1.000 
573 1.000 
574 1.000 
B/S) 1.000 
576 1.000 
577 1.000 
578 1.000 
5719 1.000 
580 1.000 
581 1.000 
582 1.000 
583 1.000 
584 1.000 
585 1.000 
586 1.000 
587 1.000 
588 1.000 
589 1.000 
590 1.000 
591 1.000 
592 1.000 
593 1.000 


1D numbers: 


Temp. 
K 


431.483 
394.817 
397.761 
403-706 
406.817 
409.872 ~ 
413.039 
415.928 
419.094 
388.817 
391.483 
396-539 
399.261 
401.817 
404.261 
407.150 
410.872 
381.872 
384.094 
388.706 
390.928 
392-872 
395-206 
397.761 
401.150 
373-2150 
375261 
378.928 
380.928 
382.594 
384.817 
387.2150 
390.317 
367.594 
369.261 
370.928 
372.2594 
374.594 
3772039 
349.483 
3512039 
353-706 
3552094 
356 483 
359 594 
361.650 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Densi 
expt 
mol/L 


6.890 
72349 
72349 
72349 
72349 
72349 
72549 
70349 
723549 
72602 
7602 
72602 
72602 
72602 
72602 
72602 
7602 
7.874 
72874 
72874 
7874 
72874 
72874 
72874 
7.874 
8.166 
8.166 
8.166 
8.166 
8.166 
8.166 
8.166 
8.166 
8.480 
8.480 
8.480 
8-480 
8-480 
8.480 
8.819 
8.819 
8.819 
8.819 
8.819 
8.819 
8.819 


ty 
kg/m 


400.46 
427.16 
427.16 
427.16 
427.16 
427.16 
427.16 
427.16 
427.16 
441.89 
441.89 
441.89 
441.89 
441.89 
441.89 
441.89 
441.89 
457-67 
457.67 
457267 
457.67 
457.67 
457.67 
457-67 
457.67 
474.62 
474.62 
474.62 
474.62 
474.62 
474.62 
474 .62 
474.62 
492.88 
492.88 
492.88 
492.88 
492.88 
492.88 
512259 
512.59 
512.59 
512259 
512259 
512-59 
512259 


Density 
calc 
kg/m? 


400.76 
427.57 
427232 
427.05 
426.60 
426.29 
425.17 
425.81 
425.33 
442.26 
442.15 
442.50 
442.26 
442.34 
442.61 
442.07 
440.12 
457233 
457257 
457.68 
457.87 
458.53 
458.49 
458.09 
456.36 
474.07 
474.01 
474.81 
474.91 
475.53 
475.226 
474 .83 
473-17 
492.81 
493.03 
493.24 
493.44 
493.16 
492.28 
512.16 
512.20 
512.88 
513-13 
513037 
513241 
5122-78 


75 


Density 
Diff. 
3 


-.08 
-.05 
- 04 
203 
013 
220 
055 
051 
043 
-.08 
-.06 
-.14 
-.08 
-.10 
-.16 
-.04 
240 
207 
202 
-.00 
-.04 
rO 19 
-. 18 
-.09 
229 
012 
°13 
-.04 
-.06 
=~O 19 
-.13 
-.04 
2350 
201 
-.03 
-.07 


Pexpt 
MPa 


8.2737 
22/579 
304474 
4.8263 
525158 
622053 
628948 
725842 
8.2737 
22/579 
324474 
4.8263 
525158 
622053 
6 8948 
725842 
8.2737 
20/579 
324474 
4.8263 
525158 
622053 
6.8948 
725842 
8.2737 
22/579 
324474 
4.8263 
525158 
6.2053 
6.8948 
725842 
822737 
4.8263 
525158 
62053 
6.8948 
725842 
8.2737 
27579 
324474 
4.8263 
525158 
62055 
725842 
8.2737 


Peale 


MPa 


8.2454 
227394 
324321 
4.8376 
525765 
6.3042 
720601 
767513 
8.5104 
22/161 
324160 
4.7474 
5 24664 
621425 
62/903 
725570 
8.5466 
228068 
324621 
4.8245 
524822 
6.0583 
627502 
725087 
8.5157 
228592 
3.5636 
4.7881 
524565 
6.0138 
6.7572 
725381 
8.5985 
4.8427 
524770 
6.1114 
627458 
725072 
8.4377 
2.8876 
325684 
4.7353 
525428 
59502 
725105 
82086 


Pressure 
Diff. 


a 
2) 


054 
267 
045 
——25 
-1.09 
1Ni5e7/ 
-2.54 
-2.16 
-2./8 
1.54 
092 
1.66 
90 
1.02 
1.54 
036 
-3.19 
-1.74 
-43 
204 
061 
2243 
2014 
1.01 
-2.84 
3.54 
-3.26 
280 
1.09 
3-18 
2.04 
061 
-3.78 
- 254 
e771 
1.54 
221 
1.03 
-1 294 
-4.49 
-3..39 
1.92 
3.24 
4.29 
3.75 
2/9 


ID 


4302 
4303 
4304 
4305 
4306 
4307 
4308 
4309 
4310 
3601 

3602 
3603 
3604 
3605 
3606 
3607 
3608 
3609 
3610 
S6l'l 

3612 
3701 

3702 
3703 
3704 
3705 
3706 
3707 
3708 
3709 
3710 
3711 

S72 
3801 

3802 
3803 
3804 
3805 
3806 
3807 
3808 
3809 
3810 
3811 

3812 
3901 

3902 
3903 
3904 
3905 
3906 
3907 
3908 
3909 
3910 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

NO. 

594 1.000 
595 1.000 
596 1.000 
597 1.000 
598 1.000 
599 1.000 
600 1.000 
601 1.000 
602 1.000 
603 1-000 
604 1-000 
605 1.000 
606 1.000 
607 1.000 
608 1.000 
609 1.000 
610 1.000 
611 1.000 
612 1.000 
613 1.000 
614 1.000 
615 1.000 
616 1.000 
617 1-000 
618 1.000 
619 1.000 
620 1.000 
621 1.000 
622 1-000 
623 1.000 
624 1.000 
625 1.000 
626 1.000 
627 1.000 
628 1.000 
629 1.000 
630 1.000 
631 1.000 
632 1.000 
633 1.000 
634 1.000 
635 1.000 
636 1.000 
637 1.000 
638 1.000 
639 1-000 
640 1.000 
641 1.000 
642 1.000 
643 1-000 
644 1.000 
645 1.000 
646 1.000 
647 1.000 
648 1.000 


1D numbers; 


Temp. 
K 


140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
140.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
160.000 
180.000 
180.000 
180.000 
180.000 
180.000 
180.000 
180.000 
180.000 
180.000 
180.000 
180.000 
180.000 
200.000 
200.000 
200.000 
200.000 
200-000 
200-000 
200.000 
200-000 
200.000 
200.000 
200.000 
200.000 
220.000 
220-000 
220.000 
220-000 
220.000 
2202000 
220.000 
220.000 
220-000 
220-000 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)O0lds, (29)Sage, 


Densi 
ex pt 
mol/L 


12.809 
12.784 
12.758 
12.733 
12.707 
12.681 

12.655 
12.628 
12.601 
12.548 
12.516 
12.483 
12.454 
122426 
12.397 
12.568 
12.545 
12.522 
12.298 
12.281 

12.263 
12.263 
12.226 
12.189 
12.157 
1261125 
12.093 
12.061 

12.034 
12.008 
11.980 
11.961 

11.940 
11.981 

11.940 
11.899 
11.864 
11.828 
11.792 
11.755 
11.725 
11.694 
11.663 
11.639 
11.615 
11.701 

11.655 
11.608 
11.569 
11.530 
11.489 
11-446 
11.410 
11.374 
11.338 


ty 
kg/m? 


744.535 
743204 
741256 
740.07 
738 259 
737.208 
735254 
733298 
73244 
729 37 
72745 
725.55 
723.290 
72225 
720258 
718.90 
717255 
716.19 
714.83 
713-81 
712677 
712.75 
710.65 
708-47 
706 62 
704.77 
702.290 
70103 
699.49 
697.93 
696.33 
695.20 
694.01 
696.38 
694.00 
691.63 
689 58 
687.48 
685.38 
683.25 
681.50 
679.71 
677.89 
676.50 
675.10 
680.11 
677.44 
674.72 
672.44 
670.15 
667.77 
665.30 
663.20 
661.11 
658.98 


Density 
calc 
kg/m 


743 88 
742.49 
741.208 
739.265 
73820 
7362/2 
735022 
735269 
73214 
729201 
727.18 
725351 
72373 
722.12 
72047 
718.80 
717244 
716.06 
714.65 
713258 
712.50 
712.48 
710244 
708.35 
706257 
704-76 
702.90 
701.01 
699.46 
697.89 
696.29 
695.06 
693.82 
696.14 
693.86 
691.53 
689.54 
687.49 
685.40 
683.25 
681.50 
679.70 
677.86 
676.46 
675202 
679.94 
677.40 
674.79 
672.55 
670.25 
667.88 
665.44 
663.43 
661.37 
659.25 


76 


Density 
Diff. 
é 


009 
007 
206 
°06 
005 
e05 
004 
004 
004 
005 


Pexpt 
MPa 


3122779 
2728345 
24.3914 
20.9481 
17.5051 
14.0619 
10.6191 
721760 
327333 
36-0986 
31.9664 
27.8343 
24.3911 
20.9479 
17.5048 
14.0617 
11.3074 
8.5529 
521987 
3.7330 
1.6672 
36-0984 
31.9664 
2728343 
24.3911 
20.9478 
17.5047 
14.0616 
11.3073 
8.5528 
52/986 
367329 
1.6671 
36.0981 
31.9662 
27.8341 
24.3910 
20.9477 
17.5047 
14.0616 
11.3073 
8.5528 
52/7986 
37329 
1.6671 
36-0987 
31.9668 
2728546 
24.3914 
20.9481 
17.5050 
14.0618 
11.5076 
8.5530 
52/987 


Pealc 


MPa 


32.8854 
2921743 
255559 
2129549 
18.4307 
14.8951 
1123508 
728265 
4.4005 
3629184 
325829 
28.3496 
24.7550 
2122376 
1727234 
14.2744 
11.5312 
8.8182 
6.1467 
4.1760 
221727 
36-6620 
32.3878 
28-0762 
24.4925 
20.9834 
1725051 
14.1012 
1123552 
8.6180 
528816 
329557 
1.9791 
3625395 
3222189 
28.0144 
24.4689 
20-9206 
17.4691 
14.0573 
11.3074 
8.5718 
5.8354 
3217939 
1.7793 
3623776 
32.0217 
2721285 
24.2220 
20.8026 
17.3531 
13.8668 
10.9962 
8.2088 
5 04583 


Pressure 
Diff. 
3 


-4.89 
4.59 
-4.48 
~4.59 
-5.02 
5.99 
-6.45 
-8.31 
-| 5.16 
-2 22 
-1.89 
-| 282 
-1.47 
-1.36 
-1.23 
-1 e049 
-1.94 
-3.01 
-5.66 
-1 0.61 
-2327 
-1.54 
-1.30 
-.86 
-.41 
-o 17 
-.00 
-.28 
-42 
-./6 
-1.41 
5.65 
-15./6 
-1.21 
-./8 
-.64 
352 
0135 
220 
203 
-.00 
-.22 
-.635 
-| 061 
-6.31 
-.// 
-ol7 
238 
°/0 
e/0 
288 
1.41 
2.83 
4.19 
624 


ID 


3911 
3912 
4001 
4002 
4005 
4004 
4005 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4101 
4102 
4103 
4104 
4105 
4106 
4107 
4108 
4109 
4110 
4111 
4112 
4201 
4202 
4203 
4204 
4205 
4206 
4207 
4208 
4209 
4210 
4211 
4212 
3501 
3502 
3503 
3504 
3505 
3506 
3507 
3508 
3509 
3510 
3511 
3512 


Data sources and ID numbers: 


(XXXX)Haynes.e 
Data Weight 
Point 

NO. 

649 1.000 
650 1.000 
651 1.000 
652 1.000 
655 1.000 
654 1.000 
655 1.000 
656 1.000 
657 1.000 
658 1.000 
659 1.000 
660 1.000 
661 1.000 
662 1.000 
663 1.000 
664 1.000 
665 1.000 
666 1.000 
667 1.000 
668 1-000 
669 1.000 
670 1.000 
671 1.000 
672 1.000 
673 1.000 
674 1.000 
675 1.000 
676 1.000 
677 1.000 
678 1.000 
679 1.000 
680 1.000 
681 1.000 
682 1.000 
683 1.000 
684 1.000 
685 1.000 
686 1.000 
687 1.000 
688 1.000 
689 1.000 
690 1.000 
691 1.000 
692 1.000 
693 1.000 
694 1.000 
695 1.000 
696 1.000 
697 1.000 
698 1.000 


Tempe 
K 


220.000 
220.000 
240-000 
240.000 
240.000 
240.000 
240-000 
240.000 
240.000 
240.000 
240.000 
240.000 
240-000 
240.000 
260 000 
260.000 
260.000 
260 .000 
260.000 
260.000 
260.000 
2602000 
260-000 
260.000 
260.000 
260.000 
280.000 
280.000 
280.000 
280.000 
280.000 
280.000 
280.000 
280.000 
280.000 
280.000 
280.000 
280.000 
300-000 
300.000 
300.000 
300.000 
300-000 
300.000 
300.000 
300.000 
300.000 
300-000 
300.000 
300.000 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Densi 
expt 
mol/L 


11.310 
11.283 
11.424 
11.2372 
11.320 
112275 
11.229 
11.181 
11.133 
11.092 
11.051 
11.008 
10.976 
10.945 
11.149 
11.092 
11-033 
10.983 
10.931 
10.876 
10.819 
10.771 
10.723 
10.673 
10.635 
10.597 
10.846 
10.794 
10.739 
10.681 
10.620 
10.557 
10.491 
10.437 
10.381 
10.3235 
10.279 
10.234 
10.573 
10.514 
10452 
10.386 
102316 
10.242 
10.166 
10.100 
10.031 

9.958 

9.904 

9.848 


ty 
kg/m 


65739 
655.19 
663.98 
661.00 
657.98 
655-36 
652.266 
649.91 
647.07 
644.74 
642.51 
639.86 
638.00 
636.18 
648.02 
644.71 
641.31 
638.39 
635235 
632.17 
628 .84 
626.07 
623.27 
620-36 
618.17 
615.91 
630.43 
627.38 
624.17 
620-80 
617.26 
613-59 
609 .80 
606.64 
603-39 
600.02 
597.45 
594 .83 
614.535 
611.11 
607.49 
603.65 
599.58 
595.31 
590.90 
587.07 
583.02 
578 82 
575264 
57240 


Density Density 
Diff. 


calc 
kg/m? 


657.62 
655296 
663.83 
661.00 
658.07 
655255 
652.94 
650.25 
647.46 
645215 
642.77 
640.31 
638.41 
636-46 
647.76 
644.60 
641.30 
638.45 
635249 
632242 
629.21 
626.54 
623.76 
620.88 
618.64 
616632 
630.52 
627.54 
624.44 
621.20 
617.83 
614.29 
610.58 
607.46 
604.19 
600.77 
598.08 
59527 
614.27 
610.92 
607.41 
603.73 
599.86 
595.77 
591.44 
587.76 
583.87 
57973 
576244 
572.97 


77 


3 


- 04 
-.03 

202 

200 
-.01 
-.03 
-.04 
-.05 
-.06 
-.06 
-.07 
-.07 
-.06 
-.04 

204 

02 

200 
-.01 
-.02 
-.04 
-.06 
-.07 
-.08 
-.08 
-.08 
-.07 
-.01 
-.02 
-.04 
-.0/7 
-.09 
-oll 
-.13 
-.14 
=o 15 
-.12 
-eoll 
-.07 

204 

203 

201 
-.01 
-.05 
-.08 
-.09 
-.12 
-.14 
-.16 
-.14 
-.10 


Pexpt 
MPa 


327331 
1.6672 
36.0977 
3129657 
27 8556 
24.3909 
20.9473 
17-5042 
14.0611 
11235069 
825522 
5.7980 
3.27324 
1.6665 
3620979 
3129659 
27.8559 
24.3908 
20.9475 
1725045 
14.0613 
1123071 
8.5526 
5.1984 
3.27328 
1.6669 
34.7206 
31.2773 
2728338 
24.3907 
20.9475 
1725045 
14.0614 
11.3071 
825526 
5 1984 
327328 
1.6669 
34.7208 
3122774 
27-8540 
24.3909 
20.9476 
17.5045 
14.0613 
11.3071 
8.5525 
5. 1983 
37326 
1.6667 


Pecale 


MPa 


324357 
1.4551 
3623296 
31-9687 
27-7063 
24-1434 
20.5820 
17.0823 
13.5989 
10.8248 
8.0299 
522994 
3.2889 
1.3777 
3624519 
3221117 
27.8391 
24.3161 
20.7769 
17.2294 
13.6707 
10.8399 
8.0753 
523147 
323116 
1.3154 
3426103 
31-1014 
27-5496 
23.9675 
20.3804 
16.8400 
13.5646 
10.6033 
78982 
522194 
3.2624 
1.3516 
34 29909 
3124665 
2729054 
2423144 
2027038 
17-1296 
1326494 
10.8072 
729763 
522152 
3.22438 
1.3373 


Pressure 
Diff. 
q 


Pp 


8.66 
14.57 
- 64 
-.01 
046 
1.03 
1.77 
247 
3-40 
4.45 
6250 
9.41 
13.49 
20.96 
-.9/] 
-245 
-.02 
051 
082 
1.60 
286 
4.31 
5091 
9.10 
12.72 
26272 
052 
o7/ 
1.03 
1.77 
2.78 
3295 
5021 
6.64 
8.29 
11.09 
14.42 
25)e55 
-./7 
-.60 
-26 
el 
1.18 
2219 
3.02 
4.63 
722 
11.18 
15.07 
24.63 


ID 


Data sources and 


(XXXX) Haynese 
Data Weight 
Point 

No. 

699 1.000 
700 1-000 
701 1.000 
702 1.000 
703 1.000 
704 1.000 
705 1-000 
706 1.000 
707 1-000 
708 1.000 
709 1.000 
710 1.000 
male 1.000 
712 1.000 
TANS 1.000 
714 1.000 
715 1.000 
716 1-000 
717 1.000 
718 1.000 
719 1.000 
720 1.000 
721 1.000 
722 1.000 
25 1-000 
724 1-000 
725 1.000 
726 1.000 
727 1.000 
728 1.000 
729 1.000 
730 1.000 
731 1.000 
732 1.000 
733 1.000 
734 1.000 
735 1.000 
736 1.000 
TEM 1.000 
738 1.000 
739 1.000 
740 1.000 
741 1.000 
742 1.000 
743 1.000 
744 1.000 
745 1.000 
746 1.000 
747 1.000 
748 1.000 
749 1-060 
750 1.000 
751 1.000 
152 1.000 
753 1.000 


1D numbers: 


Tempe 
K 


310.928 
344.261 
377.594 
410.928 
444.261 
477 2594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.594 
410.928 
444.261 
477 2594 
510.928 
310-928 
344.261 
377.594 
410.928 
444.261 
477.594 
510.928 
344.261 
377.594 
410.928 
444.261 
477.594 
510.928 
344.261 
377.2594 
410.928 
444.261 
477.594 
510928 
377594 
410.928 
444.261 
477.594 
510.928 
377.594 
410.928 
444.261 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)O0lds, (29)Sage, 


Density 
expt 
mol/L kg/m? 
2027 1.58 
0024 1.42 
2022 1.29 
2020 1.18 
e019 1.09 
0017 1.01 
2016 095 
0040 2.54 
2036 2.10 
0033 1.90 
2030 1.74 
2028 1.61 
2026 1.49 
0024 1.39 
2055 3.22 
2050 2.88 
0045 2.60 
0041 2038 
2038 219 
0035 2.04 
0033 1.90 
0085 4.94 
2075 4.38 
0068 3.95 
2062 3.60 
0057 3.31 
0053 3205 
0049 2.86 
2116 6.72 
2102 5293 
2092 5032 
0083 4.84 
2076 4.44 
0071 4.11 
2066 382 
2158 9.16 
2140 8.16 
0127 7037 
e116 6.74 
e107 6621 
2099 517 
2281 16.31 
0245 14.24 
0218 12.70 
2198 11.50 
2181 10.55 
e168 9/6 
2593 22.82 
0543 19.93 
2306 17.81 
02/9 16.19 
°256 14.91 
2566 32293 
2481 27.96 
0423 24.58 


Density 
calc 
kg/m? 


1.58 
1.42 
1.29 
1.18 
1.09 
1.02 

95 
2.34 
2510 
1.91 
1.75 
1.61 
1.50 
1640 
3.22 
2.88 
2.61 
2.39 
2.20 
2.04 
1.91 
4.92 
4.38 
3.95 
3.61 
3.32 
3.08 
2.87 
669 
5.91 
5.32 
4.84 
4.45 
4.12 
3.84 
9.13 
8.14 
Test 
6.75 
6.24 
5.80 

16.29 

14.18 

12.68 

11.52 

10.58 
9.80 

22a 

19.86 

17.82 

16.24 

14.96 

32.88 

27.80 

24.56 


78 


Density 
Diff. 
é 


-.07 
-.18 
-235 
-025 
-.26 
-.27 
-25 
003 
-.13 
-22 
-2/ 
-.50 
-.30 
-29 
014 
-.06 
-.18 
-.26 
-.51 
34 
52 
052 
208 
ne: 1 | 
222 
-052 
-./5 
-.36 
042 
°20 
e00 
~e 19 
-.50 
-e3/ 
-. 38 
035 
218 
-.0/7 
-.26 
-.57 
-.41 
et2 
043 
014 
“eo 17 
2355 
- 258 
250 
236 
-.03 
-.2/7 
0355 
214 
056 
007 


Pexpt 
MPa 


20689 
20689 
20689 
20689 
00689 
20689 
20689 
21013 
21013 
21013 
01013 
21013 
2 1013 
21013 
21379 
01379 
01379 
01379 
°1379 
21379 
e 1379 
22068 
e2068 
22068 
22068 
22068 
22068 
22068 
02/58 
02/58 
02/58 
02/58 
02/58 
02/58 
02/58 
04137 
04137 
04137 
04137 
04137 
04137 
26895 
06895 
26895 
26895 
26895 
06895 
1.0342 
1.0342 
1.0542 
1.0342 
1.0342 
1.3790 
1.3790 
1.3790 


Peale 


MPa 


20689 
20688 
20688 
20688 
20688 
20688 
20688 
21014 
01012 
21011 
21011 
21010 
21010 
21010 
e 1381 
21378 
01376 
01375 
21375 
01374 
21375 
02075 
22070 
°2066 
02064 
22062 
°2053 
22061 
22/69 
02/63 
22/58 
02753 
22750 
02/48 
° 2/48 
04150 
04144 
04134 
04126 
04122 
°4120 
26901 
26921 
06903 
06884 
26875 
06870 
1.0385 
1.0375 
1.0339 
1.0316 
1.0308 
1.3803 
1.3854 
1.3798 


Pressure 
Diikfafre 
rs 


07 
ol7 
025 
e25 
026 
27 
025 
-.035 
013 
e21 
o27 
2350 
230 
029 
ao 5 
206 
218 
°26 
051 
053 
oo 
-.30 
-.08 
210 
022 
032 
0/4 
2356 
259 
-.19 
-.00 


ID 


Data sources and |D numbers: 


(XXXX) Haynes. 
Data Weight 
Point 

NO. 

754 1.000 
DD 1.000 
756 1.000 
757 1.000 
758 1.000 
759 1.000 
760 1.000 
761 1.000 
762 1.000 
763 1.000 
764 1.000 
765 1.000 
766 1.000 
767 1.000 
768 1.000 
769 1.000 
770 1.000 
771 1.000 
VI2 1.000 
TH 1-000 
774 1.000 
775 1-000 
776 1.000 
777 1.000 
778 1.000 
7719 1.000 
780 1.000 
781 1.000 
782 1.000 
783 1.000 
784 1.000 
785 1.000 
786 1.000 
787 1.000 
788 1.000 
789 1.000 
790 1.000 
791 1.000 
792 1.000 
793 1.000 
794 1.000 
795 1.000 
796 1.000 
797 1.000 
798 1.000 
799 1.000 
800 1.000 
801 1.000 
802 1.000 
803 1.000 
804 1.000 
805 1.000 
806 1.000 
807 1.000 
808 1.000 
809 1.000 


Temp. 
K 


477.594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.2594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.2594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.2594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.2594 
410.928 
444.261 
477.594 
510.928 
344.261 
377594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.2594 
410.928 
444.261 
477.594 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)O0lds, (29)Sage, 


Densi 
ex pt 
mol/L 


2581 

2348 
9.639 
8.887 
72908 

0637 

2549 

0489 

0444 
9.653 
8.907 
72947 

0819 

0686 

2603 

0345 
9.677 
8.948 
8.023 
1.356 
1.006 

0854 

e155 
9.700 
8.983 
8.091 
6.641 
1.426 
1.144 

0987 
9.724 
9.018 
8.156 
6.876 
22057 
1.486 
1.244 
9.769 
9.083 
8.276 
72192 
4.960 
2-407 
1.844 
9.147 
8.379 
72410 
52938 
32672 
22558 
9.864 
9.211 
8.495 
72.621 
6.492 
4.929 


ty 
kg/m? 


22.14 
20.24 
560.28 
516656 
459.64 
37.04 
31.88 
28 40 
25219 
561-07 
517.73 
461.89 
47.60 
39.85 
35.04 
31.56 
562.45 
520.08 
466233 
77267 
58 646 
49.64 
43.90 
563 83 
522.11 
470.30 
385.99 
82.86 
66-47 
5739 
56522 
524.16 
474.06 
399 «66 
119.54 
86.55 
7228 
567.83 
527.97 
481.03 
418.02 
288.31 
139.91 
107.16 
531.64 
487.03 
430.72 
345.15 
213244 
148.69 
573.232 
535-38 
493.79 
442.99 
377235 
286.50 


Density 
calc 
kg/m? 


2218 
20.30 
560.20 
51656 
458.95 
36.77 
31.82 
28 042 
25.85 
560.88 
517-47 
461.55 
47022 
39.71 
3502 
31.61 
562621 
519.61 
465.79 
77252 
58012 
49.47 
43.86 
563.51 
521.67 
469.84 
386. 18 
82.28 
66.08 
57.235 
564.78 
523.65 
473.56 
399.50 
119.17 
85.72 
Te Si7 
567.25 
527242 
480.26 
417.31 
285.03 
139.55 
106.59 
530.96 
486.18 
429.97 
345.618 
214.08 
149.16 
571247 
535-09 
492.76 
442.25 
376262 
286.03 


79 


Density 
Diff. 
i 


—.17 
50 
01 
004 
015 
0/2 
021 
-.07 
24 
005 
005 
012 
81 
034 
208 
=e 18 
004 
009 
012 
019 
058 
055 
209 
206 
209 
010 
-.05 
oJ 
058 
028 
08 
010 


1.14 
226 
255 


005 


ol7 
219 
el7 


Pexpt 
MPa 


123790 
1.3790 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.7237 
1.67237 
20684 
2.0684 
2.0684 
2.0684 
2.0684 
220684 
2.0684 
2.75719 
201579 
2.1579 
20/579 
267579 
2.17579 
2.1579 
324474 
324474 
304474 
304474 
304474 
304474 
304474 
4.1369 
4.1369 
4.1369 
4.1369 
4.1369 
4.1369 
4.1369 
525158 
525158 
525158 
525158 
525158 
525158 
525158 
68948 
6.8948 
6.8948 
6.8948 
6.8948 
68948 
8.6184 
8.6184 
8.6184 
8.6184 
8.6184 
8.6184 


Peale 


MPa 


1.3768 
1.3751 
1.7638 
1.7845 
1.8207 
1.7332 
1.7267 
127226 
1.7200 
2.1654 
21509 
2.1487 
2.0800 
2.0741 
2.0698 
2.0651 
28839 
2.9137 
2.8459 
2.7602 
227692 
20/657 
2/599 
326227 
3.6004 
325301 
3.4390 
324614 
3.4621 
324553 
4.3824 
4.3189 
4.2528 
4.1468 
4.1421 
4.1568 
4.1509 
5 8502 
52/228 
5 26882 
525837 
529569 
505253 
553560 
721738 
7 1066 
6.9882 
6.8936 
628827 
6.8806 
9.1491 
8.7410 
8.9048 
8.7354 
8.6720 
8.6338 


Pressure 
DIAS 
b 


016 
28 
-2.27 
3.41 
—DeDs 
a) 55 
HT / 
206 
022 
-4.48 
-3 83 
= Dial 
-.56 
-.2/ 
-.0/7 
216 
-4.37 
5035 
-3.09 
-.08 
41 
-.28 
-.0/7 
-4.84 
-4.25 
-2.34 
024 

- 41 
- 43 
-.23 
-5.60 
4.22 
-2.27 
- 24 
-.15 
-.48 
-.34 
-5./2 
-3.62 
-3.03 
-1.22 
-./4 
-. 14 
-e5/ 
-3.89 
-2.98 
-1.34 
202 
218 
o21 
-5.80 
-1.40 
-3.22 
-1.34 
- 62 
-.18 


ID 


Data sources and 


(XXXX) Haynes » 
Data Weight 
Point 

NO. 

810 1.000 
811 1.000 
812 1.000 
813 1.000 
814 1.000 
815 1.000 
816 1.000 
817 1.000 
818 1.000 
819 1.000 
820 1.000 
821 1.000 
822 1.000 
823 1.000 
824 1.000 
825 1.000 
826 1.000 
827 1.000 
828 1.000 
829 1.000 
830 1.000 
831 1.000 
832 1.000 
833 1.000 
834 1.000 
835 1-000 
836 1.000 
837 1.000 
838 1.000 
839 1.000 
840 1.000 
841 1.000 
842 1.000 
843 1.000 
844 1.000 
845 1.000 
846 1.000 
847 1.000 
848 1.000 
849 1.000 
850 1.000 
851 1.000 
852 1.000 
853 1.000 
854 1.000 
855 1.000 
856 1.000 
857 1.000 
858 1.000 
859 1.000 
860 1.000 
861 1.000 
862 1.000 
863 1.000 
864 1.000 
865 1.000 


1D numbers: 


Temp 
K 


510.928 
344.261 
3772594 
410.928 
444.261 
477.2594 
510.928 
310-928 
344.261 
3772594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.2594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.2594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.2594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377594 
410.928 
444.261 
477.594 
510.928 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)O0lds, (29)Sage, 


Densi 
expt 
mol/L 


32533 
9.285 
8.599 
72196 
62832 
50627 
4.372 
9.956 
9.348 
8.694 
70947 
7.083 
62066 
5000 
10.003 
92406 
8.777 
8.072 
72281 
6.381 
52452 
10.084 
92520 
8.925 
8.29] 
72598 
6.842 
6.085 
102154 
9.619 
9.054 
8.474 
72845 
72179 
6.517 
10.226 
9.707 
9.171 
8.626 
8.049 
72442 
6.844 
10.287 
9.787 
9.273 
8.760 
8.227 
72664 
7.108 
10.345 
9.864 
9.374 
8.879 
8.377 
70856 
723535 


ty 
kg/m? 


205.34 
53971 
499.80 
453.14 
397.09 
327204 
254.10 
578.70 
543.37 
505.31 
461.89 
411.68 
352.260 
290.61 
581.43 
546.71 
510.14 
469.20 
423.21 
370 88 
316.88 
586.11 
553051 
518.73 
481.90 
441.64 
397 68 
353269 
59022 
55911 
52623 
492.57 
455.98 
417.26 
37878 
594 238 
564.23 
533206 
50136 
467.83 
432.58 
397.78 
597.95 
568.84 
538 98 
509.17 
478.16 
445.45 
413.17 
601.29 
51352 
544.85 
516.06 
486.88 
456.63 
426.25 


Density 


207217 
53896 
498.66 
452.21 
396223 
326.298 
255254 
577281 
542.61 
504.01 
460.66 
410.76 
352.94 
291.60 
580.33 
546-05 
508.93 
468.04 
422.43 
371.270 
318227 
585.10 
552.43 
517273 
480.58 
440.75 
398.50 
355.209 
589.57 
558 26 
52549 
491.08 
455.07 
417.85 
380.29 
593077 
56363 
532244 
500.15 
466.91 
433611 
399.40 
597.74 
568.62 
538.77 
508.19 
477.07 
445.78 
414.82 
601.52 
571329 
544.58 
515242 
486.00 
456.65 
427.19 


80 


Density 
Diff. 


022 
-.10 
-. 34 

019 

012 

024 

025 

218 
-.22 
- 44 

el7 

016 

019 

o2/] 

°20 
-e21 
- 40 

eal 

015 

014 

030 

020 
-.14 
- 40 

210 

ell 

012 

024 

220 
-.12 
-.41 

203 

204 

004 

019 

023 
-.07 
-.40 
~ 04 

200 

005 

012 

018 
-.01 
- 356 


Pexpt 
MPa 


8.6184 
10.3421 
10.3421 
10.3421 
10.3421 
10.3421 
10.5421 
12.0658 
12.0658 
12.0658 
12.0658 
12.0658 
12.0658 
12.0658 
13.7895 
13.7895 
13-7895 
13.7895 
13.7895 
13.7895 
1327895 
17.2369 
17.2369 
17.2369 
1722369 
17.2369 
1722369 
1722369 
20.6843 
20.6843 
20.6845 
20.6843 
20.6843 
20.6843 
20.6843 
24.1316 
24.1316 
24.1316 
24.1516 
24.1316 
24.1316 
2421316 
2725790 
2725790 
2725790 
2725790 
2725790 
2725790 
2725790 
3120264 
31.0264 
31.0264 
31.0264 
31.0264 
31.0264 
3120264 


Peale 


MPa 


8.5611 
10.6851 
10.6951 
10.5198 
10.4325 
10.3453 
10.2832 
12.6701 
12.4388 
12.5087 
12.3394 
12.1901 
12.0384 
12.0104 
14.5673 
14.1284 
14.2364 
14.0792 
13.9167 
13.7045 
13.6869 
18.0005 
17.7406 
17.6585 
17.6406 
17-4305 
1721102 
1720750 
21.2051 
21.2133 
21.0366 
21.2216 
20-9289 
20. 5648 
20.4452 
24.6478 
24.5336 
24.4558 
24.6249 
24.4237 
24.0008 
23.8062 
2727434 
2727331 
2727010 
28.0273 
27.9790 
2724837 
27.1768 
30.8183 
31.0428 
3121915 
31.3489 
3123901 
31.0184 
30.5886 


Pressure 
Diff. 
é 


067 
3.21 
-3.30 
-1.69 

-.87 
-.03 

ool 
-4.77 
-3.200 
3.54 
-2.22 
-1.02 

023 

46 
52354 
-2.40 
-3.14 
-2 206 

-.91 

062 

0/5 
4.24 
-2 84 
-2.39 
-2.29 
-1.11 

0/4 

095 
-2 246 
-2.49 
-1.67 
-2.535 
-1.17 

258 

1.17 
-2.09 
-1.64 
-1.33 
-2.00 
-1.20 

055 

1.37 


ID 


Data sources and 


(XXXX) Haynes. 
Data Weight 
Point 

NO. 

866 1.000 
867 1.000 
868 1.000 
869 1.000 
870 1.000 
871 1.000 
872 1.000 
873 1-000 
874 1.000 
875 1.000 
876 1.000 
877 1.000 
878 1.000 
879 1.000 
880 1.000 
881 1.000 
882 1.000 
883 1.000 
884 1.000 
885 1.000 
886 1.000 
887 1.000 
888 1.000 
889 1.000 
890 1.000 
891 1.000 
892 1.000 
893 1.000 
894 1.000 
895 1.000 
896 1.000 
897 1-000 
898 1.000 
899 1.000 
900 1.000 
901 1.000 
902 1.000 
903 1.000 
904 1.000 
905 1.000 
906 1.000 
907 1.000 


1D numbers: 


Tempe 
K 


310.928 
344.261 
3772594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.594 
410.928 
444.261 
477.2594 
510.928 
310.928 
344.261 
377.594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
377.2594 
410.928 
444.261 
477.594 
510.928 
310.928 
344.261 
3772594 
410.928 
444.261 
477.594 
5102928 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)O0lds, (29)Sage, 


Density 
expt 
mol/L kg/m? 
10.404 604.70 
9.935 577.45 
9.464 550-08 
8.989 522.45 
8-516 495.01 
8.023 466.33 
720526 8 =437.242 
10.515 611.16 
10.076 585.68 
9.629 559.69 
9.186 533.95 
8./54 508.85 
8.306 482.77 
7-847 456.11 
10.612 616.81 
10.199 592.84 
9-773 568.03 
9.364 544.29 
8.959 520./6 
8.545 496.70 
8.118 471.83 
10.703 622.08 
10.318 599.72 
9.910 576.00 
9.520 553.51 
9.129 530.59 
8.741 508.04 
8.351 485.41 
10.795 627.44 
10.419 605.61 
10.032 583.13 
9.656 561.26 
9.288 539.89 
8.916 518.25 
8.555 497.16 
10.876 632.14 
10.515 611.16 
10.147 589.78 
9.790 569.04 
9.444 548.95 
9.086 528. 14 
8.729 507.40 


Density 
calc 
kg/m? 


605.11 
577.69 
549.97 
522.01 
493.99 
466.20 
439.00 
611.84 
585.19 
559.72 
533.69 
507.87 
482.47 
457.75 
618.05 
593.14 
568.39 
543.87 
519.71 
496.08 
473.216 
623.82 
599.88 
576.23 
552293 
530.08 
507-82 
486.29 
629.22 
606.11 
58359 
561.11 
539 54 
518.18 
497.76 
634.30 
611.92 
590.00 
568.58 
547.271 
527.48 
507.96 


81 


Density 
Diff. 
é 


-.07 
-.04 
202 
209 
21 
203 
-.56 
-. 11 
-.02 
-.00 
005 
019 
206 
~. 356 
-.20 
-.05 
-.06 
e08 
e20 
012 
-.28 
-.28 
- 03 
-.04 
007 
010 
004 
-.18 
-.28 
-.08 
-.05 
203 
210 
001 
-.12 
-.34 
-.13 
-.04 
206 
025 
013 
-oll 


Pexpt 


MPa 


34.4738 
34.4738 
34.4738 
34.4738 
34.4738 
3424738 
34.4738 
41.3685 
41.3685 
41.3685 
41.3685 
41.3685 
41.5685 
41.3685 
48.2653 
48.2633 
48.2633 
48.2633 
48.2633 
48 22635 
48.2635 
55-1581 
5521581 
55.1581 
5521581 
5521581 
55-1581 
55-1581 
62.0528 
62.0528 
62.0528 
62.0528 
62.0528 
62-0528 
62-0528 
68.9476 
68.9476 
68.9476 
68.9476 
68.9476 
68.9476 
68.9476 


Peale 


MPa 


34.0697 
34.2789 
34.5517 
34.7202 
34.9397 
34.5225 
3329619 
40.6438 
41.2710 
41.3507 
41.5322 
41.8994 
41.5091 
40.7022 
46.8447 
47.9678 
47.9615 
48.5648 
48.9193 
48 .6023 
47.6182 
5320290 
54.9898 
54.9459 
5504693 
5505157 
5502935 
54.6655 
592/311 
6124836 
61.7870 
62-1925 
62.4870 
62 -0842 
61.6728 
65.9679 
68.0138 
68./078 
69.3934 
7020280 
69.4654 
68.5440 


Pressure 
Diff. 
, 


1.19 
0D] 
025 
-e/1 
-1.33 
-.14 
1.51 
1.78 
024 
004 
59 
-1.27 
-.54 
1.64 
3.03 
062 
263 
-.62 
-1.34 
-./0 
1.35 
4.01 
051 
039 
-.56 
-.64 
-24 
090 
3.89 
095 
043 
-.22 
-.69 
-.05 
262 
4.52 
1.37 
055 
-.64 
-] 054 
-./5 
259 


ID 


Data sources and |D numbers: 


(XXXX)Haynese 
Data Weight 
Point 

NO» 

908 2000 
909 2000 
910 2000 
911 000 
912 2000 
913 2000 
914 2000 
915 2000 
916 2000 
917 2000 
918 2000 
919 2000 
920 »000 
921 2000 
922 2000 
923 2000 
924 2000 
925 2000 
926 e000 
927 2000 
928 2000 
929 2000 
930 2000 
931 2000 
932 2000 
933 2000 
934 2000 
935 2000 
936 2000 
937 2000 
938 ° 000 
939 2000 
940 2000 
94] 2000 
942 2000 
943 2000 
944 2000 
945 2000 
946 2000 
947 © 000 
948 2000 
949 2000 
950 2000 
951 e000 
952 2000 
953 2000 
954 2000 
955 2000 
956 2000 
957 2000 
958 2000 
959 2000 
960 2000 
961 2000 
962 2000 


Tempe 
K 


294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
294.261 
310.928 
310.928 
310.928 
310.928 
310.928 
3102928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
310.928 
3102928 
310.928 
310-928 
310.928 
327.594 
3272594 
327.594 
327.2594 
3272594 
327.594 
327.594 
3272594 
327.594 
327.594 
327.594 
3272594 
327.594 
327.2594 
3272594 
327.2594 
327.594 
327.594 
3272594 
3272594 
344.261 
344.261 
344.261 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)0lds, (29)Sage, 


Densi 
expt 
mol/L 


2043 
0059 
2091 
10.062 
10.121 
10.173 
10.218 
10.256 
10.299 
10.341 
10.380 
10.415 
10.447 
10.475 
10.487 
0040 
0055 
2085 
0115 
2 148 
9.711 
9.773 
92825 
9.881 
9.935 
9-982 
10.025 
10.073 
10.117 
10.166 
10.207 
10.241 
2038 
0052 
2080 
2 108 
2138 
° 168 
2201 
0255 
923555 
9432 
92500 
9.566 
92633 
9.690 
9.742 
9.790 
9.846 
9.896 
9.945 
9.985 
2036 
2050 
0075 


ty 
kg/m? 


2248 
3042 
5226 
584 .83 
58827 
591.351 
593.94 
596.15 
598.60 
601.07 
603.53 
605. 38 
607.22 
608.84 
609.53 
2034 
3022 
4.92 
6270 
8.58 
564.43 
568.03 
571.07 
5714.34 
577245 
580.17 
582.70 
585247 
588 205 
590.87 
593 28 
595626 
2021 
3204 
4.65 
6228 
8.00 
9.79 
11.66 
13.63 
543.74 
548.20 
552617 
556.200 
559289 
563224 
566.22 
569.04 
571229 
575017 
578.08 
580.38 
2.10 
2.88 
4.38 


Density 
calc 
kg/m> 


2.49 
3.43 
5626 
579.62 
582.34 
584.95 
587.46 
589.88 
592621 
594.47 
596.65 
598.77 
600.82 
602.82 
604.76 
2.34 
3.22 
4.92 
6.69 
8.55 
560620 
563.51 
566.64 
569.62 
57247 
575019 
577.81 
580.33 
582675 
585.10 
587637 
589.57 
2/22 
3.04 
4.63 
6627 
7.98 
9675 
11.61 
13.55 
539.31 
543.43 
547.26 
550.87 
554.27 
557.49 
560.56 
563.49 
566.30 
568.99 
571.58 
574.08 
2610 
2.88 
4.38 


82 


Density 
Diff. 
3 


-o21 
-.09 
209 
089 
1.01 
1.07 
1209 
1.05 
1.07 
1.10 
1.11 
1.09 
1.05 
099 
°/8 
-. 18 
-.12 
-.02 
015 
035 
0/5 
e80 
2/8 
082 
286 
286 
° 84 
288 
290 
098 
1.00 
096 
-. ll 
-.06 
204 
216 
022 
°40 
048 
258 
081 
087 
289 
092 
1.00 
1.02 
1.00 
098 
1.05 
1.07 
1.12 
1.09 
-.09 
-.05 
003 


Pexpt 
MPa 


21013 

e 1379 
22068 
1.7237 
304474 
5e 1711 
628948 
8.6184 
10.3421 
12-0658 
1327895 
1525132 
17.2369 
18.9606 
20-6843 
2 1013 
01379 

e 2068 
22758 
05447 
1.7237 
304474 
5e 1711 
6.8948 
8.6184 
10.3421 
12.0658 
13-7895 
1525132 
17.2369 
18.9606 
20.6845 
21013 

e 1379 
22068 
02158 
05447 
04137 
24826 
05516 
1.7237 
324474 
51711 
628948 
8.6184 
10.3421 
12.0658 
1327895 
1525132 
1722369 
18.9606 
2026843 
21013 
01379 
22068 


Peale 


MPa 


e 1011 
01378 
22070 
520879 
724607 
9.6655 
11.6557 
13-3881 
1523744 
1724482 
19.4126 
21.2471 
22.9325 
24.4507 
2521140 
21012 
01377 

° 2068 
°2/61 
03458 
329457 
529663 
727630 
9.7990 
11.8259 
1326799 
15.4753 
1725152 
19.4898 
2127325 
2327179 
2524044 
21012 
01378 
22069 
02762 
05454 
04152 
04847 
05545 
305829 
526109 
725451 
9.5560 
11.6824 
1326372 
15.4674 
17-2696 
19.4459 
2124577 
2325748 
2523154 
21012 
21378 

° 2069 


Pressure 
Diitttre 
t 


e21 
009 
-.08 
-66. 12 
-53./9 
-46.50 
~40.85 
35.63 
-32213 
-30.85 
-28.97 
-26.99 
-24.84 
22.245 
-17.64 
el7 
012 
202 
-.12 
-. 30 
56.51 
-42.22 
-33.39 
-29.64 
-27.12 
-24.40 
-22.03 
-21.27 
-20.40 
-20.69 
-20.06 
-18.58 
ell 
206 
-.04 
-.15 
-.21 
-056 
-.42 
-49 
-51.89 
-38.56 
-31.46 
-27./0 
-26.23 
-24.16 
=21299 
-20.15 
-20.22 
-19.67 
-19.57 
-18.29 
209 
204 
-.05 


ID 


Data sources and |D numbers: 


(XXXX)Haynese 
Data Weight 
Point 

No. 

963 2000 
964 2000 
965 2000 
966 2000 
967 °000 
968 2000 
969 -000 
970 2000 
971 2000 
972 2000 
973 2000 
974 2000 
975 2000 
976 2000 
977 2000 
978 e000 
979 2000 
980 2000 
981 2000 
982 2000 
983 2000 
984 2000 
985 2000 
986 2000 
987 2000 
988 -000 
989 2000 
990 2000 
991 2000 
992 2000 
993 2000 
994 °000 
995 2000 
996 2000 
997 2000 
998 2000 
999 2000 
1000 2000 
1001 2000 
1002 2000 
1003 2000 
1004 2000 
1005 2000 
1006 2000 
1007 2000 
1008 e000 
1009 2000 
1010 2000 
1011 2000 
1012 2000 
1013 2000 
1014 2000 
1015 2000 
1016 2000 
1017 2000 
1018 2000 


Tempe 
K 


344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
344.261 
360.928 
360.928 
360.928 
360.928 
360-928 
360.928 
360.928 
360.928 
360.928 
360.928 
360-928 
360.928 
360.928 
360.928 
360.928 
360.928 
360-928 
360.928 
360.928 
360.928 
3602928 
360.928 
360.928 
360.928 
377.2594 
377.594 
3772594 
377.2594 
377.594 
3772594 
3772594 
3772594 
3772594 
377.2594 
3772594 
377.2594 
3772594 


Table 7. 


(Cont inued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)Olds, (29)Sage, 


Densi 
expt 
mol/L 


e102 
0129 
e 158 
2187 
e217 
2249 
2282 
8.977 
92074 
9.159 
922356 
9.314 
9.380 
92448 
92510 
9.569 
9.623 
9.670 
92/07 
2034 
2047 
e071 
2097 
2122 
e 149 
e176 
e203 
0252 
2262 
0540 
0427 
8.495 
8.620 
8.729 
8.850 
8.925 
9.015 
9.095 
9.171 
9.242 
92307 
9.205 
9.415 
2033 
0045 
2068 
0092 
0116 
2141 
e 166 
2192 
e218 
0245 
e516 
0392 
2476 


ty 
kg/m? 


5292 
7252 
9.17 
10.87 
12.635 
14.47 
16.37 
521.77 
52744 
532.55 
536281 
541.35 
545622 
549.14 
5520/4 
556.20 
559-30 
562.05 
564.23 
2.00 
2.74 
4.16 
561 
7210 
8.64 
10.21 
11.283 
13.50 
15221 
19.79 
24.79 
493.219 
501-05 
507-40 
51325 
518.73 
523.99 
528.66 
533.06 
537617 
540.98 
535202 
547.27 
1.91 
2.61 
3296 
5233 
6-74 
8.18 
9.65 
11215 
12.69 
14.26 
18.58 
22.81 
27266 


Density 
calc 
kg/m? 


5291 
7250 
9.15 
10.82 
12.57 
14.39 
16.29 
516.36 
521.67 
526250 
530296 
535-09 
538296 
542.61 
546205 
549.32 
552043 
555041 
558226 
2200 
2.74 
4.15 
560 
7208 
8.60 
10.16 
11.77 
13.42 
15213 
19.68 
24.71 
490.31 
497.55 
503.89 
509.55 
514.70 
519243 
523.81 
527.90 
531.74 
535037 
538.80 
542.07 
1.91 
2.61 
395 
5232 
6.72 
8.14 
9.60 
11.09 
12.62 
14.18 
18.29 
22.71 
27255 


83 


Density 
Diff. 
, 


16 
226 
238 
i) 
249 
095 
050 
1.04 
1.10 
1.10 
1.09 
1.216 
1.15 
1.19 
1.21 
1.24 
UdZS) 
1.18 
1.06 
-.05 
-.00 
207 
021 
052 
°4] 
47 
048 
295 
AS) 
S97/ 
055 
2/0 
2/0 
069 
HZ. 
2/8 
287 
092 
097 
1.01 
1.04 
-e/1 
095 
-.01 
204 
14 
02/7 
034 
047 
052 
Oey) 
oD 
Pep) 
05 
045 
246 


Pexpt 


MPa 


02758 
05447 
04137 
24826 
05516 
06205 
26895 
1.7237 
304474 
5e 1711 
6.8948 
8.6184 
10.3421 
12.0658 
1327895 
15.5132 
17223569 
18.9606 
20-6843 
21013 
21379 
22068 
22/58 
05447 
04137 
24826 
23516 
06205 
6895 
08618 
1.0342 
1.7237 
304474 
5e 1711 
6.8948 
8.6184 
10.3421 
12.0658 
13.7895 
L26DNE 
17.2369 
18.9606 
20.6843 
21013 
21379 

° 2068 
02758 
05447 
04137 
24826 
09516 
°6205 
26895 
28618 
1.0342 
1.2066 


Peale 
MPa 


22762 
23456 
04151 
04845 
25540 
06234 
26924 
34838 
525245 
724631 
923704 
1124587 
1325641 
15.4180 
1724131 
19.4311 
2125355 
23.0919 
24.5336 
21013 
21379 
22070 
°2/63 

0 3458 
04153 
04847 
25540 
06236 
26927 
28659 
1.0369 
25204 
4.3730 
602172 
8.1161 
10.0799 
12.1408 
14.1236 
16.1297 
18.1320 
202-1012 
17.0679 
23.5998 
21013 

e 1380 
°2071 
°2765 
25459 
04155 
24850 
25544 
e6237 
26929 
28656 
1.0380 
1.2109 


Pressure 
Diff. 
of 


P 


-.16 
-24 
-055 
-. 58 
-.43 
-.45 
-42 
-50.52 
-37.60 
-30.71 
-2642 
-24.79 
-22.61 
-21274 
-20.81 
-20. 16 
= 19621 
-17.89 
-15.69 
204 
200 
-.07 
-.20 
-. 50 
-.358 
-45 
i) 
-49 
-46 
-.47 
-.26 
-31.61 
-21.17 
-16.83 
-15.05 
-14.50 
-14.82 
-14.57 
-14.51 
-14.44 
-14.25 
11.09 
-12.35 
201 
-.04 
-.14 
-.26 
253 
-.44 
-.49 
=e 51 
-.51 
-.49 
44 
-.5/ 
256 


Data sources and |D numbers: 
(XXXX) Haynes. 


Data Weight Tempe 
Point 

No. K 
1019 2000 3772594 
1020 2 000 3772594 
1021 2000 377.594 
1022 e000 377.594 
1023 e000 3772594 
1024 2000 377-594 
1025 e000 377.594 
1026 e000 3772594 
1027 2000 3772594 
1028 e000 377.594 
1029 2000 3772594 
1030 e000 377594 
1031 2000 377.594 
1032 e000 3772594 
1033 2000 394.261 
1034 »000 394.261 
1035 2 000 394.261 
1036 2000 394.261 
1037 e000 394.261 
1038 e000 394.261 
1039 2000 394.261 
1040 2000 394.261 
1041 2000 394.261 
1042 2 000 394.261 
1043 2000 394.261 
1044 2000 394.261 
1045 2000 394.261 
1046 e000 394.261 
1047 e000 394.261 
1048 2000 394.261 
1049 °000 394.261 
1050 e000 394.261 
1051 2000 394.261 
1052 2000 394.261 
1053 2000 394.261 
1054 2000 394.261 
1055 e000 394.261 
1056 e000 394.261 
1057 2000 394 6261 
1058 e000 394.261 
1059 e000 394.261 
1060 2000 394.261 
1061 e000 394.261 


Table 7. 


(Continued) 


(1)Virial Equation, (3)Beattie, (19)Kay, (25)0lds, (29)Sage, 


Density 
expt 
mol/L kg/m? 
2 569 33.07 
0675 39.24 
7.937 461.36 
8.115 471.255 
8.254 479.74 
8.392 487.77 
8.527 495.62 
8-626 501.36 
8.721 506.91 
8.808 511.94 
8.884 516.39 
8.962 520.93 
9.021 524.34 
9.077 527.62 
2031 1.82 
00435 2.50 
0065 32/8 
088 5299 
2110 6242 
0134 7.78 
2 158 9.16 
o 182 10.57 
0207 12.01 
0252 13.47 
0297 17.25 
2566 21226 
2440 25255 
2520 30.21 
2608 35036 
e /06 41.06 
0819 47.59 
0949 55216 
72471 434.22 
72709 448.07 
7.897 458.98 
82049 467.83 
8.178 475.33 
8.2953 482.05 
8.3597 488.07 
8.488 495.33 
8.569 498.09 
8.647 502.62 
8.718 506.75 


Density Density 
calc Diff. 
kg/m 
32.88 oD] 
38-96 0/2 

458.95 052 

469.84 036 

478.67 022 

486.18 055 

492.16 058 

498.66 0 54 

504.01 oD] 

508.93 259 

513.48 056 

517.73 61 

521.72 250 

525249 040 

1.82 004 
2049 209 
30/7 019 
5207 034 
6.39 044 
7274 056 
9011 061 
10.50 065 
11.93 269 
13.38 065 
17215 058 
21.15 ee) 
2541 054 
29.99 e/1 
34.97 1.10 
40.46 1.47 
46.65 202 
53219 2.49 

435.835 05] 

449.50 252 

460.08 -.24 

468.83 -.21 

476.38 -.22 

483.03 -.20 

489.02 -.19 

494.47 -025 

499.49 -.28 

504.14 -.50 

508.49 234 
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Pexpt 


MPa 


123790 
1.5513 
1.7237 
324474 
51711 
6.8948 
8.6184 
10.3421 
12.0658 
13-7895 
1525132 
17223569 
18.9606 
20.6845 
01013 
21379 

e 2068 
02758 
05447 
04137 
°4826 
05516 
26205 
26895 
8618 
1.0342 
122066 
1.3790 
1.5513 
1.7237 
1.8961 
220684 
304474 
501711 
68948 
8.6184 
10.3421 
12.0658 
13.7895 
1525132 
17.2369 
18.9606 
20.6843 


Peale 


MPa 


1.3847 
1.5587 
2.0697 
327570 
524023 
722934 
9.4314 
11.1923 
13.0660 
14.9132 
16.6800 
18.6074 
20.1468 
21.7036 
21014 

2 1380 
e2072 
02/67 
03462 
04159 
24854 
29549 
06245 
06936 
28663 
1.0389 
1.2120 
1.3867 
125642 
1.7416 
1.9209 
2.0982 
302783 
4.9656 
6.6991 
8.4059 
10.0880 
11.7982 
13.5049 
15.1406 
16.7421 
18.3830 
19.9820 


Pressure 
Diff. 
t 


-41 
-.47 
-16./2 
-8. 24 
-4.28 
-5.47 
-8.62 
-7.60 
-7.65 
-7.53 
-7.00 
-7.3/7 
-5 89 
-4./0 
-.04 
-.09 
-.18 
-. 52 
-.42 
-.54 
-05/ 
-.60 
-.64 
-.59 
-.51 
-.45 
45 
-. 56 
-.82 
-1.03 
-1.29 
-1.42 
5.16 
4.14 
2.92 
2.55 
252 
2027 
2.11 
2.46 
2.96 
3.14 
3251 


Temp. 
K 


50-00 
100.00 
150.00 
200.00 
273.15 
298.15 
300.00 
400.00 
500.00 
600.00 
700.00 
800.00 
900.00 
1000.00 
1100.00 
1200.00 


fo) 
HO-H9 
expt. 


1718.9 

4048.9 

714207 
1073661 
168835 
19267.0 
19450.6 
306369 
44335307 
60259.6 
7809625 
9758435 
1185072 
140674.4 
1635928 .3 
188124.4 


Table 8. Comparisons of data for ideal gas functions with eq (7). 


Normal butane ideal gas functions from Chen, et al. [12] 


» J/mol 
calc. 


1750.3 

4041.8 

714326 
107330 
1688125 
19268.1 
194509 
3063522 
442999 
602071 
78054 9 
9756765 
118509 .3 
140684.2 
16393022 
18811322 


Diff. 


2 


-1.88 
el7 
-.01 
003 
001 
- 01 
-.00 
202 
208 
209 
005 
202 
-.00 
-.01 
-.00 
Pe) 


S°, J/(mo!l K) 


expt. 


198.363 
229 994 
254 889 
2752516 
301.583 
509.909 
310.536 
342.544 
373.004 
401.999 
429.446 
455.428 
480.072 
5032419 
5250552 
546.640 
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calc. 


198.892 
229.925 
254.2915 
2752505 
3012574 
309-951 
310.542 
5422553 
372932 
401.877 
429.354 
455.386 
480.037 
503590 
525558 
546.574 


Di 


fife 
f 


SZ! 
F10)5) 
001 
200 
200 
0 | 
200 
000 
202 
203 
292 
201 
201 
201 
200 
201 


Co, J/(mol K) 


expt. 


38.97 
55255 
67.32 
7644 
92.30 
98.49 
98.95 
124.77 
148.66 
169.28 
187.02 
202.38 
215673 
227256 
23748 
246.27 


calc. 


38 608 
55254 
67.37 
76.33 
92.40 
98.59 
99.05 
124.54 
148.37 
169.26 
187.223 
202.63 
215.88 
227.35 
23735 
246.13 


Table 9. 


E°-ES 
J/mo | 


4753.0 
531561 
5896.4 
6495.8 
711207 
774761 
8399.4 
9070. 1 
9760.0 
10469.9 
11200 .6 
11952.9 
127276 
135252 
14346.5 
151919 
16061.8 
169566 
1787626 
18822.0 
19792.9 
20789 .5 
21811.8 
228597 
2393302 
250323 
2615667 
2730624 
28481.1 
29680.7 
30905.0 
3215326 
334264 
34723.0 
3604335 
373868 
387534 
40142.7 
41554.4 
4298822 
44443.9 
45921.0 
474194 
48938 .6 
504 78.4 
52038.5 
5361826 
552184 
568375 
584758 
60132.8 
61808 .4 
63502. 1 
6521329 
66943.3 
68690.0 
704540 
72234 8 


O_O 
H°-H& 
J/mo | 


5833.9 
6479.1 
714326 
7826. 1 
852662 
9243.7 
9979.1 
107330 
11506.0 
12299. 1 
13112.9 
13948.4 
14806.2 
15687.0 
16591.4 
1751929 
18473.0 
19450.9 
20454.1 
21482 .6 
225366] 
2361624 
2472128 
258529 
270096 
2819128 
293994 
3063222 
31890.1 
3317228 
34480.2 
35812.0 
3716729 
385477 
3995161 
4137728 
42827.5 
44299.9 
45794.8 
473118 
48850.6 
5041029 
519924 
5359467 
552177 
5686120 
58524.2 
60207.1 
6190924 
636308 
653710 
6712926 
68906.6 
7070124 
7251420 
743439 
76191.0 
78054.9 


So 


J/ (mol eK) 


245.551 
250.331 
254.915 
259-3519 
263563 
267-665 
2712639 
275-2505 
2792276 
282.965 
286.583 
290. 138 
293-639 
297.094 
300.507 
303.883 
3072227 
310.542 
313.831 
317.097 
320.340 
323.563 
326.767 
329.953 
333.122 
3360275 
3392412 
342.533 
345.639 
348.730 
351-806 
354.867 
357.914 
360.947 
363.965 
366.969 
369.958 
3722932 
3752893 
378.838 
381.769 
384.686 
387.588 
390.475 
393.347 
3962205 
399.048 
401.877 
404.690 
407.489 
410.274 
413.043 
415.798 
, 418.539 
421.264 
423.975 
426.672 
429.354 
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Interpolated ideal gas functions from eq (7). 


cy 


J/(mo | eK) 


Aa) 
57.20 
59.05 
60.82 
62.56 
64.32 
66.14 
68.02 
69.98 
72.02 
74.14 
76.34 
78.61 
80.94 
83.32 
85.76 
88.23 
90.74 
93.27 
95-82 
98.38 
100.94 
103.51 
106.07 
108.63 
eis) 
113.71 
116.22 
118.72 
121.20 
123.65 
126.07 
128.48 
130.85 
133.19 
1d5 651 
137.80 
140.06 
142.28 
144.48 
146.64 
148.78 
150.88 
152.96 
155.00 
157.01 
159.00 
160.95 
162.87 
164.77 
166.63 
168.47 
170.28 
172.06 
173.81 
175.54 
177.24 
178.91 


[e) 
Cp 


J7 (mol eK) 


63248 
65.51 
67.37 
69.13 
70.88 
72.264 
74245 
76253 
78.29 
80.33 
82.45 
84.65 
86.92 
89.25 
91.64 
94.07 
96.55 
99.05 
101.58 
104.13 
106.69 
109.26 
111.82 
114.39 
116.95 
119.49 
122.02 
124.54 
127.04 
129.51 
131.96 
134.39 
136.79 
139. 16 
141.51 
143.83 
146.11 
148.37 
150.60 
152.79 
154.96 
157.09 
159.20 
161.27 
16332 
165.33 
167.31 
169.26 
171.19 
173.08 
174.95 
176.78 
178.59 
180.37 
182.13 
183.86 
185.56 
187.23 


Table 10. Comparisons of heat of vaporization data with 
eq (9). 


Data sources and ID numbers: (10)Dana, (11)Das (1967), (29)Sage, 


(35)Das (1973), (40)Thermal 


Loops, (41)Clapeyron. 


Weight Tempe Heat of Vaporization Dilifitre 
K kJ/mol g 
expt. calc. 

1.000 134.860 28.746 28.789 -.15 
998 140.000 28.499 28.521 =.93 
0995 150.000 28 2022 28-016 002 
2992 160-000 27553 27.2553 007 
0988 170.090 272990 27.067 008 
0984 180.000 262635 26.615 207 
979 190.000 26. 186 26174 005 
0974 200.000 25742 252/359 201 
969 210.000 25301 25.307 -.02 
963 220.000 24.861 24.875 -.05 
0957 230.000 24.417 24.438 -.08 
2950 240.000 23.965 23.2992 -oli 
0943 250.000 23.503 232535 -.14 
0934 260.000 232024 23.061 -.16 
0925 270.000 22.524 22.567 -.19 
998 140.000 28.521 28.521 000 
0995 150.000 28.052 28.016 005 
0991 160.000 27.2551 27.2533 007 
2986 170.000 27.082 27.067 206 
2982 180.000 26.624 262615 003 
0977 190.000 26.176 26.174 001 
0971 200.000 252135 252/39 -.01 
2966 210.000 252299 252307 -.035 
2959 220.000 24.865 24.875 -.04 
0952 230-000 24 429 24 438 -.04 
0945 240.000 23.987 232992 -.02 
2936 250-000 235356 232535 200 
2927 260.000 23.2070 23.2061 004 
0917 270.000 22.586 22.567 009 
2905 280.000 22.077 22.048 013 
0892 290.000 Aoso2) 21.500 el7 
0876 300.000 20.955 20.917 018 
0859 310.000 20.328 20.294 el7 
2859 320.0090 19.650 19.626 012 
0815 330.000 18.915 18.906 05 
e /86 340.000 18.118 18.125 -.04 
0/51 350.000 17.253 17.274 -.12 
-/08 360.000 16.312 16.540 -el/7 
206535 370.000 15.282 15-306 -.15 
0581 380.000 14.139 14.147 -.06 
0484 390.000 12.841 12.824 013 

0.000 400.000 11.2306 11.262 059 

0.000 410.000 9.344 9.292 056 

0.000 420.000 6.264 6.273 -.15 

0.000 272.660 22.3589 22.431 -.19 

0.000 274.970 22252 22.312 -e27 

0.000 275.520 22.182 22.284 -.46 

0.000 279.2730 22.009 22.062 -24 

0.000 280.000 22.016 22.048 -.14 

0.000 280.000 22.037 22.048 -.05 

0.000 284 .940 21.768 21.781 -.06 

0.000 285.2790 21.749 212734 207 

0.000 290.000 21.481 21.500 -.09 

0.000 290.000 21.548 21.500 025 

0.000 290.480 212515 21.472 °20 

0.000 2952310 21-240 21.195 21 

0.000 297.480 21.092 21.067 012 

0.000 300.000 20.887 20.917 -.14 

0.000 300.000 21.2037 20.917 057 

0-000 310.000 206251 20.294 -.21 

0.000 310.000 20.510 20.294 1.06 

0.000 320.000 19.581 19.626 -.25 

0.000 320.000 19.933 19.626 1.56 
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Data sources and 


Table 10. 


ID numbers: 


(35)Das (1973), (40) Thermal 


1D Weight 
1 0.000 
35 0.000 
11 0.000 
35 0.000 
11 0.000 
35 0.000 
11 0.000 
35 0.000 
1 0.900 
35 0.000 
1 0.000 
35 0.000 
11 0.000 
35 0.000 
11 0.000 
35 0.000 
35 0.000 
11 0.000 
35 0.000 
35 0.000 
11 0.000 
35 0.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 
29 0.000 


Tempe 
K 


330.000 
3302000 
340.000 
340-000 
350.000 
350.2000 
360.000 
360-000 
3702000 
3702000 
380.000 
580-000 
390.000 
390.000 
400.000 
400.000 
405.000 
410.000 
410.000 
415-000 
420.000 
420.000 
294.260 
310-930 
327.590 
344.260 
360.930 
377-590 
394.260 


(10)Dana, (11)Das (1967), (29)Sage, 


(Continued). 


Loops, (41)Clapeyron. 


Heat of Vaporization 


expt. 


18.903 
19.255 
18.184 
18.477 
17.2405 
17.569 
16.552 
16.564 
152573 
15.443 
14.447 
14.209 
13.2138 
12.837 
11.506 
11.209 
10.251 

92263 

9.184 

72895 

6.138 

50916 
212479 
20.582 
19.120 
172712 
16.094 
14.096 
11.622 


kJ/mol 


calc. 


18.906 
18.906 
18.125 
18.125 
17.274 
172274 
16.540 
16.340 
15.306 
15.306 
14.147 
14.147 
12.824 
12-824 
11.262 
11.262 
10.347 

92292 

92292 

8.012 

6.273 

602735 
21.2256 
200254 
19.085 
17.771 
16.248 
14.440 
12.194 


Number of data points used in fit = 41; rms deviation = 0.095%. 
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Table 11. Enthalpies of saturated liquid normal butane from 


eq (10). 

Tempe He Hg (eq (10)) Diffie 
K J/mo | J/mo | % 
134.86 20 20 0.000 
140.00 602.8 602.9 -.023 
150.00 1771.6 W776 001 
160.00 2937.3 29372 2005 
170.00 4102.5 4102.4 e002 
180.00 5270.5 5270.6 -.001 
190.00 6444.5 6444.7 -.003 
200.00 7627.7 7627.9 -.003 
210.00 8823.4 8823.5 -.000 
220.00 10034.6 10034.4 2002 
230.00 11264.0 11263.7 °003 
240.00 12514.2 12514.0 2001 
250.00 1378729 137879 e000 
260.00 15087.5 1508726 -.001 
270.00 16414.8 1641522 -.002 
280.00 1777223 177726 -.002 
290.00 1916124 1916126 -.00’ 
300.00 20584. 1 20584 .0 2001 
310.00 2204129 22041.5 2001 
320.00 235368 2355605 2002 
330.00 250708 250706 2001 
340.00 26646.9 26647. 1 -.001 
350.00 28268.8 282692 -.001 
360.00 29940.6 29941.2 -.002 
370.00 31668.3 31668.7 -.001 
380.00 33460.0 33459.6 001 
390.00 3532725 353266 2003 
400.00 372938 3729361 2002 
410.00 39414.3 39416.2 -.005 
420.00 41932.5 41931.6 2002 
425.16 45399.8 45399 .8 0.000 


Number of points = 29; rms deviation = 0.005%. 


' Derived from ideal gas functions, the equation of state, and the formulated 
heats of vaporization. 
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Table 12. Entropies and specific heats of saturated liquid 
normal butane from eq (11). 


Temp. Sg Sg (eq (I1)) Diff. Cg 
K J/(mol «K) J/(mol eK) t J/(mol eK) 

134.86 1332544 133.544 0.000 117.39 
140.00 1372932 137.929 0902 117.07 
150.00 145.992 145.989 °002 116.61 
160.00 153507 153.507 °000 116.42 
170.00 160.565 160.567 -.001 116.54 
180.00 167.237 167.259 -.001 116.99 
190.00 173.582 173.584 -.001 117.77 
200.00 179.652 179.651 ©0900 118.88 
210.00 185.486 185.484 2001 120.29 
220.200 191.120 191.118 2001 121.98 
230.00 196.584 196.582 2001 123.92 
240.200 201.902 201.901 2000 126.10 
250.00 207.096 207.097 -.000 128.48 
260.00 212.183 212.185 -.001 131.05 
270200 217.180 217.182 -.001 133.79 
280.00 222.098 222.100 -.001 136.70 
290.200 226.2950 226.950 - 000 139.78 
300.00 231-744 2312743 2000 143.02 
310200 2362490 236488 2001 146.44 
320.00 241.196 241.2194 2001 150.05 
339.200 245.870 245.869 e000 153.88 
340.00 2502521 250522 -. 000 157.94 
350.200 255.2160 2552163 -.001 162.29 
360.00 2592197 259.800 -.001 167.03 
370.00 264.446 264.447 -.000 172.29 
380.00 269.122 269.120 2001 178.40 
39009 2732854 2732848 2002 186.05 
400.00 278 689 278.686 2001 196.99 
410.00 283153 283.765 - 004 217.06 
420.00 289.605 289.598 2002 287.81 
425.16 297.647 297647 0.000 a 


Number of points = 29; rms deviation = 0.001%. 


| Derived from ideal gas functions, equation of state, and formulated heats of 
vaporization. 
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Table 14. Comparisons with saturated liquid specific heats. 


Data sources and 1D numbers: (1)Aston, (2)Huffman, (3)Dana. 


ID Temp. Cop J/(mol eK) 
K expt calc 

1 139.880 113.24 117.08 
1 142.220 113.45 116.95 
1 149.500 114.71 116.63 
1 156.030 116.00 116.46 
1 162.290 115.92 116.42 
1 168.490 116.84 116.50 
1 174.590 116.80 116.70 
1 180.830 117.09 117.04 
] 186.630 118.05 117.47 
1 191.760 118.47 117.94 
] 196.8350 119.27 118.49 
1 203.240 120.10 119.30 
] 209.000 120.40 120.13 
1 2152940 121.78 121.26 
1 222.710 122.53 122.48 
1 230-810 123.91 124.09 
] 238.430 124.83 125.74 
1 247.010 127.00 127.75 
1 2512430 129.22 128.84 
1 262.040 130.94 131.59 
1 268.140 131.61 SISA 
2 139.700 113.55 117.09 
2 150.200 114.04 116.61 
2 152.500 114.77 116.54 
2 170.200 115.25 116.54 
2 187.000 117.69 117.50 
72 190.100 117244 117.78 
2 230.000 123.03 123.92 
2 261.800 129.60 131.53 
5 256.950 125.973 130.246 
53 270.550 131.324 133.948 
5) 277.2280 135.458 135.895 
3 285.2020 137.647 138.227 
3 289.930 139.106 139.757 
3 267.020 130.594 132.957 
3 276-380 141.295 135.631 
3 284.770 139.106 138.150 
3 289.760 140.808 139.704 
3 294.380 143.727 141.179 


Number of data points = 39; rms deviation = 1.49%. 
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Tempe 
K 


294.261 
310.928 
327.594 
344.261 
360.928 
377.594 
394.261 
410.928 


Table 15. Comparisons with Cy and Cp data. 


Cp data of Sage [65] 


P = 0.101325 MPa (1 atm) 


Cp» J/(mol eK) 


expt 


95.964 

98.541 
101.314 
104.208 
107.223 
110.312 
113.2400 
116.416 


Number of data points of Sage [65] 


Tempe 
K 


344-900 
359.600 
387-500 
451.2600 
521.900 
561.2300 
600.800 
692.600 


Number of data points of Dailey [18] = 8; rms deviation = 0.46%. 


calc 


99.246 
103.081 
107.088 
111.189 
115.353 
119.487 
123.2625 
127.2730 


= 8; rms deviation = 


Cp data of Dailey [18] 


Cp» J/(mol Kk) 


expt 


110.583 
114.934 
121.754 
137.988 
154.013 
162.256 
1702331 
18528535 
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calc 


110.514 
114.285 
121.392 
137.171 
153-011 
161.540 
169.420 
185.993 


7.18%. 


Tempe 
K 


268.150 
263.6150 
253.2150 
243.150 
233-150 
223.150 
213.2150 
203 150 
193.150 
183.150 
173-150 
158.150 
153-150 
148.150 
143.150 


Number of data points of Rao [58] 


Table 16. Comparisons with velocity of sound data. 


Saturated liquid velocities of sound from Rao [58] 


Density 
kg/m3 


605.89 
611.16 
621.54 
631.71 
641.69 
651.253 
661.24 
670.84 
680.37 
689.85 
699.26 
713036 
718205 
722615 
72746 


Vel. of Sound, m/s 


expt 


1085 
Wve) 
1173 
1230 
1286 
1343 
1400 
1459 
1515 
1573 
1630 
1715 
1743 
1772 
1800 


calc 


1049 
1074 
1125 
1176 
1227 
1278 
1328 
1379 
1429 
1479 
1529 
1603 
1628 
1653 
1679 


15; mean deviation = 5.29%. 
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Diff. 
Z 


3631 
3262 
4.03 
4.33 
4.54 
4.81 
508 
5046 
5265 
5095 
6.18 
6.48 
6055 
6.66 
6071 


Table 17. Calculated P(T) isochores of normal butane, 


Normal Butane |sochore at 25 kg/m> 


|sotherm |sochore {sochore 
Tempe Pressure i Derivative Derivative Curvature 
K MPa MPaem3/kg MPa /K MPa /K2 

352.827 1.0063 2/9753 003014 00465 - 00000149 
360.000 120393 080729 003187 00456 ~-.0000115 
368 .000 1.0755 81721 003371 00448 - -0000091 
376-000 121110 282627 2°03547 00441 --0000074 
384.000 1.1461 283461 203719 00436 - 0000062 
392 2000 1.1808 084232 003886 000431 -.0000053 
400.000 Wie2 152 284948 04050 200427 - 0000046 
408 .000 1.2492 85616 004211 000424 - 0000040 
416-000 1.2830 86241 04370 000421 - .0000036 
424.000 1.3166 086827 004526 00418 - 0000032 
432.000 1.3499 087379 04680 004 16 - -0000028 
440.000 1.3831 08 7899 04835 000414 -.0000025 
448.000 1.4161 288390 004984 000412 - -0000023 
456.000 1.4490 088855 005134 00410 -.0000021 
464.000 1.4817 89296 005282 00408 -.0000019 
472-000 12.5143 089715 005430 000407 --0000018 
480.000 1.5468 90113 °©05576 00406 - 0000016 
488.000 125792 290492 005722 00404 --0000015 
496.000 1.6115 290855 °05867 00403 - 0000014 
504.000 1.6438 091199 06011 00402 --0000013 
512.000 1.6759 91529 006154 00401 - 0000012 
520.000 1.7079 291844 06297 00400 -.0000011 
528 .000 1.7399 092147 06439 00399 - 0000010 
536.000 1.7719 092437 206580 00399 - 0000010 
544.000 1.8037 092715 006721 00398 - 00000009 
552.000 1.8355 092983 06861 200397 - 0000008 
560-000 1.8673 293240 07001 200397 - 0000008 
568.000 1.8990 293487 007141 00396 -»0000007 
576.000 1.9306 093725 07280 200395 - 0000007 
584 .000 1.9622 093955 007419 00395 - 0000007 
592.000 1.9938 94176 007557 00394 - -0000006 
600.000 2.0253 094389 °07695 200394 -.~0000006 
608.000 2.0568 2 94596 07833 200393 - 0000006 
616-000 220883 094795 07970 200393 - 0000005 
624.000 221197 94987 208108 00392 - 0000005 
632.000 2.1510 095173 008244 000392 - 0000005 
640.000 2.1824 095353 °0838 1 200392 -.0000005 
648 .000 202137 ©95528 °08517 000391 - 0000004 
656.000 222450 95696 08654 00039 1 - -0000004 
664.000 222/635 295860 208789 00391 - 00000004 
672.000 2.3075 96019 08925 00390 - 0000004 
680 -000 205387 096173 209061 00390 - e0000004 
688.000 2.3699 096322 009196 e00390 - 0000004 
696.000 24011 96467 009331 200389 - .0000003 
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Table 17. (Continued). 


Normal Butane |sochore at 50 kg/m? 


| sotherm |sochore | sochore 
Tempe Pressure Z Derivative Derivative Curvature 
K MPa MPa»m3/kg MPa/K MPa/K2 

383-962 1.8715 68148 02109 201085 - 0000535 
384 .000 1.8719 068156 002111 001085 -.0000534 
392.000 1.9572 69808 002354 °01050 - 60000375 
400.000 2.0401 e/1308 202580 001023 -.0000288 
408.000 2.1211 e 72686 002796 °01003 - 60000232 
416.000 2.2006 °/35961 203003 00986 - 0000193 
424.000 222/89 °/5147 203204 00972 - .0000 164 
432.000 2.3561 0/6254 205400 200959 - 0000142 
440.000 204524 11293 003591 200949 -.0000124 
448.000 2.5079 2/8269 003779 200939 - 00001 10 
456.000 225828 °/9190 03964 200931 - .0000098 
464.000 2.6569 e80060 004146 °00924 - 0000088 
472.000 2.7306 280884 2004326 00917 - 0000079 
480.000 228037 081666 004503 200911 - 0000072 
488.000 228765 ° 82409 204679 00906 -.0000065 
496.000 2.9486 083116 004853 000901 - -0000060 
504 -000 30204 283790 05026 00896 - 0000055 
512.000 3.0919 084433 005197 00892 - 0000051 
520.000 321631 085048 005366 00888 - 0000047 
528.000 32540 08 5636 005535 200884 - 0000043 
536.000 323046 286200 05702 00881 - -0000040 
544.000 323749 086740 05869 200878 - 0000038 
552.000 324450 087258 06034 200875 - 0000035 
560-000 325149 087757 006199 200872 -» 0000053 
568.000 325846 088255 206363 00870 ~- 60000031 
576-000 3.6541 288696 206526 200867 -.0000029 
584.000 3.7233 89140 06688 00865 - .0000027 
592-000 3.7925 089567 06850 000863 - 0000026 
600.000 3.8614 089980 07011 00861 - 00000024 
608-000 3293502 090378 007171 200859 - -0000023 
616.000 39988 90762 007331 200857 - 0000022 
624.000 4.0673 091133 207490 000855 - 0000021 
6352-000 4.13557 291492 007649 00854 - 60000020 
640.000 4.2039 091839 207807 000852 - -0000019 
648.000 4.2721 092175 207965 00851 - 0000018 
656.000 4.3401 092501 2081235 200849 -.0000017 
664.000 4.4080 092816 208280 00848 - .0000016 
672.000 424758 293122 208436 200847 - 0000016 
680.000 4.5435 093418 208592 000846 - 0000015 
688 .000 4.6111 ©93705 208748 00844 - 00000014 
696-000 4.6786 093984 208904 00843 - 0000014 
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Temp 
K 


411.953 
416 6000 
424.000 
432.000 
440.000 
448 .000 
456.000 
464.000 
472.000 
480.000 
488.000 
496.000 
504.000 
512-000 
520 000 
528 .000 
536.000 
544.000 
552.000 
560.000 
568.000 
5762000 
584.000 
592.000 
600.000 
608 000 
616-000 
624.000 
632.000 
640.000 
648.000 
656-000 
664.000 
672.000 
680.000 
688.000 
696.000 


Pressure 
MPa 


320475 
3.1511 
33487 
3.5400 
3.7268 
3.9100 
4.0902 
4.2680 
4.4437 
4.6175 
4.7896 
4.9604 
521298 
522980 
54651 
526313 
52/965 
5.9609 
6.1246 
6.2875 
64497 
6.6113 
6.7123 
629328 
7.0927 
702522 
74111 
725697 
72/278 
708855 
8.0428 
8.1998 
8 5564 
8.5127 
8.6687 
8.8244 
8.9797 


Table I7. 


(Continued). 


Normal Butane |sochore at 100 kg/m> 


051715 
292952 
095212 
03/286 
059211 
061012 
262705 
064302 
065814 
067249 
68613 
069912 
°/1152 
0/2337 
2 13472 
0/4558 
° 75601 
2/6601 
°/7564 
0/8489 
e 19380 
080239 
281067 
081867 
282639 
083385 
» 84106 
084804 
085479 
086133 
286767 
8 7382 
08/978 
088556 
089118 
089664 
090194 


|sotherm 
Derivative 
MPaem3/kg 


100 


200819 
200973 
001245 
001499 
001742 
001978 
202209 
002435 
002659 
e02880 
203098 
003315 
003530 
003743 
003954 
004165 
004374 
004582 
204789 
204996 
°05201 
005406 
205609 
005813 
e06015 
006217 
2064 18 
006619 
°068 19 
007018 
007217 
007416 
007614 
007812 
208009 
208206 
008402 


|sochore 
Derivative 


MPa/K 


°02600 
002523 
002426 
002360 
202310 
°02270 
002237 
202208 
202184 
002162 
002143 
002126 
002110 
202096 
202083 
202071 
°02060 
°02050 
002041 
002032 
002024 
002016 
°02009 
002002 
001996 
001990 
001984 
001979 
001974 
001969 
001964 
001960 
001956 
001952 
001948 
001944 
001940 


|sochore 
Curvature 
MPa/K2 


- 0002358 
- 0001567 
- 00000967 
- 0000705 
- 0000554 
- 0000455 
- 0000384 
- 0000330 
- 0000288 
- 0000255 
- 00000227 
- 0000205 
- 0000185 
- .0000169 
- 0000 154 
- 0000142 
- 0000131 
- 0000121 
- 0000113 
-.0000105 
- 0000098 
- 0000092 
- ©0000087 
- 0000082 
-.0000077 
-. 0000073 
- -0000069 
-.0000066 
- 0000062 
- 0000059 
- .0000057 
- 0000054 
- .0000052 
-. 0000050 
- 0000048 
- 0000046 
-.0000044 


Temp. 
K 


422.276 
424.000 
432.000 
440.000 
448.000 
456.000 
464.000 
472.000 
480.000 
488.000 
496.000 
504.000 
512.000 
520-000 
528.000 
536-000 
544.000 
552.000 
560.000 
568-000 
576-000 
584 .000 
592.000 
600-000 
608.000 
616.000 
624.000 
632-000 
640-000 
648 .000 
656-000 
664.000 
672.000 
680.000 
688.000 
696.000 


Pressure 


MPa 


3.6171 
3.6895 
4.0125 
4.3245 
4.6300 
4.9308 
52278 
505217 
528130 
6.1020 
6.3890 
6.6741 
6.9577 
72598 
725205 
728000 
8.0784 
8.3557 
8.6520 
8.9073 
9.1818 
924555 
9.7284 
10.0005 
10.2720 
10.5428 
10.8129 
11.0824 
1123513 
11.6197 
11.8875 
12.1548 
1224215 
12.6878 
12.9536 
1322190 


Table |7. 


(Continued). 


Normal Butane |sochore at 150 kg/m 


239921 
040554 
043287 
045805 
048165 
050394 
° 52509 
234521 
256440 
°38275 
e60031 
061716 
265332 
264886 
°66381 
06 7821 
°69208 
0/0546 
e 71838 
0/3085 
e 1/4291 
°/5457 
e 76586 
07/679 
e 1/8737 
0/9765 
280758 
081723 
° 82660 
083570 
284453 
085312 
086146 
086958 
087747 
088515 


|sotherm 
Derivative 
MPaem3/kg 


101 


200196 
e00263 
200528 
°00780 
201030 
001279 
001528 
001776 
202025 
°02274 
002523 
002773 
203022 
003271 
003521 
003770 
204019 
004268 
004518 
004767 
005016 
005264 
005513 
005762 
206010 
206258 
206506 
006754 
07002 
007249 
007497 
007744 
207990 
008237 
°08483 
208729 


|sochore 
Derivative 


MPa/K 


204259 
004154 
203954 
003855 
003787 
003735 
003692 
203657 
203626 
203599 
003576 
003554 
003535 
003517 
203501 
003486 
003473 
003460 
003448 
203437 
003426 
003416 
003406 
003397 
203389 
00338 1 
003373 
003365 
003358 
003551 
003344 
003338 
003332 
0035526 
203320 
003314 


|sochore 
Curvature 
MPa/K2 


- .0008688 
- 0004513 
- 0001571 
- .0000994 
- 0000 734 
- 60000583 
- .0000482 
-.0000411 
- 0000357 
- 0000314 
- 0000280 
- 0000253 
- -0000229 
- 0000210 
- 0000193 
- 0000179 
- 00000 166 
- 0000155 
- 0000145 
--0000137 
- 0000129 
--0000122 
- 0000116 
- 0000110 
- 0000105 
- 0000100 
- .0000096 
- «0000092 
- .0000089 
- 0000085 
- -0000082 
-.0000079 
- 0000077 
-- 0000074 
- 0000072 
--0000070 


Temp. 
K 


425.033 
432.000 
440.000 
448.000 
456.000 
464.000 
472.000 
480.000 
488 .000 
496.000 
504.000 
512-000 
520.000 
528 2000 
5362000 
544.000 
552.000 
560.000 
568 .000 
576.000 
584.000 
592.000 
600.000 
608 000 
616.000 
624.000 
632.000 
640.000 
648.000 
656.000 
664.000 
672.000 
680-000 
688.000 
696-000 


Pressure 


MPa 


32/7879 
4.1771 
4.6154 
520496 
524809 
529099 
6.3371 
6.7628 
7.1870 
726100 
8.0318 
84526 
8.8724 
9.2912 
9.7092 
10.1263 
10.5426 
10.9582 
1123730 
11.7871 
12.2005 
1226132 
13-0252 
1324366 
13.8474 
14.2575 
14.6670 
15.0759 
1524842 
15.8920 
16.2991 
16.7057 
1721118 
1725172 
17.9222 


Table I7. 


(Continued). 


Normai Butane |sochore at 200 kg/m? 


251150 
033797 
° 36665 
039398 
042012 
044520 
246929 
049246 
°51478 
253628 
095/02 
e57705 
059639 
061508 
063315 
e65065 
066758 
068398 
269987 
e/1528 
2 73022 


0/4472 | 


e 75880 
0/7246 
°/8574 
0/9864 
81118 
082337 
e 83523 
084677 
°85800 
086894 
287958 
088996 
° 90006 


|sotherm 
Derivative 
MPaem3/kg 


102 


200008 
200216 
200475 
200747 
001026 
001311 
201601 
001896 
002193 
202494 
202796 
203101 
203408 
003716 
204026 
004337 
004649 
204962 
°05275 
005589 
205904 
206220 
°06535 
206852 
°07168 
007485 
°07801 
008118 
208435 
e08752 
209070 
009387 
209704 
e 10021 
e 10337 


|sochore 
Derivative 


MPa/K 


205803 
005516 
205449 
005407 
005376 
005551 
205330 
005311 
°05295 
205280 
005266 
205253 
005241 
005230 
°05219 
205209 
005199 
°05190 
205181 
005172 
005163 
e05155 
005146 
005138 
005130 
005123 
005115 
005108 
e05100 
205093 
205086 
05079 
005072 
205065 
005058 


|sochore 
Curvature 
MPa/K2 


- 006 7339 
- 0001 184 
- -0000628 
- 0000441 
- 0000345 
- -0000286 
- 0000246 
- 0000218 
- 0000196 
- 0000179 
- 0000165 
- 0000154 
- 0000145 
- 0000138 
- 0000131 
-. 0000126 
- 0000121 
-.0000117 
- 0000113 
--00001 10 
- 0000107 
- 0000104 
- 0000102 
--0000100 
- .0000098 
- 0000096 
- e0000094 
-- 0000092 
- 0000091 
- 0000090 
- 0000088 
- 0000087 
- .0000086 
-- 0000085 
- 0000084 


Temp 
K 


425.160 
432-000 
440.000 
448.000 
456.000 
464.000 
472.000 
480.000 
488.000 
496.000 
504.000 
512.000 
520.000 
528 -000 
536-000 
544.000 
552.000 
560.000 
568-000 
576.000 
584.000 
592.000 
600.000 
608-000 
616.000 
624 .000 
632.000 
640.000 
648.000 
656.000 
664.000 
672.000 
680.000 
688 .000 
696-000 


Pressure 
MPa 


3.7960 
4.2556 
4.7497 
5.2638 
5e/177 
6.2914 
6.8049 
703182 
728311 
8.3438 
8.8561 
9.3681 
9.8797 
10.3909 
10.9017 
1124120 
11.9219 
12.4313 
12.9402 
13.4486 
13.9566 
14.4640 
14.9709 
15.4773 
15.9831 
16.4884 
16.9931 
1724973 
18.0010 
18.5041 
19.0066 
19.5085 
20.0099 
20-5108 
2120110 


Table 1I7. 


(Continued). 


Normal Butane |sochore at 227.847 kg/m 


0217394 
030082 
253120 
036049 
° 38875 
041601 
044234 
046778 
© 49256 
091613 
0395913 
056138 
258293 
°60380 
262403 
264364 
266265 
°68109 
69899 
e/1636 
© 133524 
2/4963 
e 76555 
0781035 
e 79608 
081072 
282496 
083882 
085231 
086545 
087824 
289070 
°90285 
091468 
° 92622 


|sotherm 
Derivative 
MPaem3/kg 


00000 
000216 
200505 
20081 1 
201128 
001453 
201786 
002123 
202466 
002812 
003161 
003514 
203869 
204226 
°04585 
004945 
°05307 
205670 
e06035 
206400 
206766 
007133 
007501 
°07869 
008237 
08606 
08975 
009344 
009714 
e 10083 
e 10453 
° 10822 
e 11192 
e11562 
011931 
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|sochore 
Derivative 
MPa/K 


°06427 
206427 
206426 
006425 
06423 
206420 
006417 
006414 
206410 
206406 
006402 
006397 
006392 
206387 
206382 
206376 
206371 
206365 
006359 
006352 
206346 
206340 
206533 
206526 
°06320 
006313 
206306 
006299 
006292 
°06285 
206278 
206271 
206264 
206257 
206250 


|sochore 
Curvature 
MPa/K 


- 00000000 
- 0000007 
- .0000014 
-.0000021 
- 0000028 
- 0000034 
- «0000039 
- 0000044 
- 0000048 
- 0000052 
- 0000056 
- 60000060 
- 0000063 
-- 0000066 
- 0000068 
- 0000071 
- .0000073 
- 0000075 
- -0000077 
-»0000079 
- -0000080 
- 0000081 
- 0000083 
- .0000084 
- 0000085 
- 0000085 
- .0000086 
- 0000087 
- 0000087 
- 0000088 
- .0000088 
-- 0000089 
- 0000089 
- 0000089 
- 00000089 


Temp. 
K 


425.087 
432.000 
440.000 
448.000 
456.000 
464.000 
472-000 
480.000 
488 .000 
496.000 
504.000 
512.000 
520.000 
528 -000 
536 -000 
544.000 
552-000 
560.000 
568.000 
576.2000 
584-000 
592 000 
600.000 
608 -000 
6162000 
624.000 
632-000 
640.000 
648.000 
656.000 
664.000 
672.000 
680.000 
688.000 
696.000 


Pressure 


MPa 


327913 
4.2872 
4.8695 
504557 
6.0445 
6.6351 
72270 
728200 
8.4139 
9.0083 
9 26032 
10.1984 
10.7938 
11.3893 
11.9849 
12.5804 
13.1758 
13-7710 
14.3660 
14.9608 
1525552 
16.1493 
16-7430 
173363 
1729292 
18.5216 
19.1135 
19.7049 
20.2958 
20.8862 
2124760 
22.0652 
22.6539 
232420 
23.8295 


Table I7. 


(Continued). 


Normal Butane !sochore at 250 kg/m? 


024940 
027751 
250947 
034053 
25/066 
039986 
042815 
045556 
048212 
050786 
° 55280 
235698 
° 58043 
060318 
262525 
064666 
066745 
068 764 
2/0725 
072630 
° 74481 
2/6280 
» 78030 
019732 
» 81388 
082999 
284568 
086095 


087582. 


°89030 
290441 
091816 
093157 
094464 
095738 
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|sotherm 
Derivative 
MPaem3/kg 


°00005 
°00258 
200588 
000936 
°01297 
201668 
°02046 
002431 
202820 
003214 
003612 
004012 
004416 
004822 
205230 
205641 
°06052 
206465 
06880 
007295 
007711 
008128 
208546 
008964 
209383 
009802 
210221 
e 10641 
e 11060 
e11480 
e 11900 
° 12320 
212740 
013159 
013579 


|sochore 
Derivative 


MPa/K 


206934 
007243 
007307 
007345 
007372 
007392 
°07407 
007418 
007427 
207434 
007438 
007442 
007444 
007444 
007444 
007443 
007442 
007439 
007436 
007432 
007428 
007424 
007419 
007414 
207408 
007402 
207396 
007389 
007383 
007376 
007369 
007362 
007355 
007347 
207340 


|sochore 
Curvature 
MPa/K 


00121526 © 


e0001153 
0000587 
°0000389 
0000283 
»0000213 
20000 164 
00001 26 
e0000096 
20000071 
0000050 
°0000032 
0000017 
0000004 
- -0000007 
--0000018 
- 0000027 
- 0000035 
- 0000042 
-. 0000048 
- .0000054 
- 0000059 
- 0000064 
- -0000068 
- 0000072 
- 0000075 
- 0000078 
- 0000081 
- .0000084 
- 0000086 
- 0000088 
-- 0000090 
- 0000092 
-.- 0000093 
- «0000094 


Temp. 
K 


423.093 
424.000 
432-000 
440.000 
448 .000 
456-000 
464.000 
472.000 
480.000 
488.000 
496.000 
504.000 
512-000 
520.000 
528.000 
536 000 
544.000 
552 000 
560.000 
568-000 
576.000 
584 .000 
592.000 
600.000 
608.000 
616.000 
624.000 
632.000 
640.000 
648.000 
656.000 
664.000 
672.000 
680.000 
688.000 
696.000 


Pressure 


MPa 


3.6667 
3.7505 
4.5150 
5 63009 
6.0985 
6.9045 
727167 
8.5340 
923552 
10.1798 
11.0071 
11.8367 
12.6682 
13.5012 
14.3355 
15.1708 
16-0070 
16 8437 
17.6810 
18.5186 
19.3563 
20.1942 
21.0320 
21.8697 
22-7072 
2325444 
24.3815 
25-2177 
26 0537 
26 8892 
272/241 
28 65583 
29.3920 
302249 
31.0571 
3128886 


Table I7. 


(Continued). 


Normal Butane |sochore at 300 kg/m? 


e20195 
°20612 
024354 
°28073 
05172) 
035283 
038754 
042132 
0454 16 
e48609 
091712 
034727 
29/656 
060502 
263267 
065954 
°68566 
0/1105 
e 13573 
°/5973 
e 78307 
080578 
82787 
284936 
87028 
°89065 
091048 
e92980 
294862 
096695 
298481 
1.00222 
1.01920 
1.03575 
1.05190 
1.06764 


|sotherm 
Derivative 
MPaem3/kg 
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200245 
200309 
200815 
001321 
201837 
092361 
002893 
003430 
203972 
004518 
°05068 
00562 1 
206177 
206735 
007295 
207856 
e084 19 
208983 
209548 
210114 
e 10680 
011247 
011814 
° 12381 
° 12949 
213517 
e 14084 
014652 
° 15219 
215786 
e 16353 
216919 
217485 
e 18050 
218615 
219180 


|sochore 
Derivative 


MPa/K 


209168 
209299 
209724 
°09907 
e 10028 
o 10117 
e 10186 
° 10242 
° 10288 
210325 
» 10356 
e 10382 
° 10404 
010421 
e 10436 
210447 
e 10456 
e 10463 
e 10468 
210471 
e 10473 
210473 
° 10472 
210470 
° 10467 
e 10463 
° 10458 
° 10453 
° 10447 
e 10440 
e 10432 
210424 
2 10416 
210407 
2 10398 
° 10389 


|sochore 
Curvature 
MPa/K2 


0018610 
00011452 
°0002997 
e0001797 
20001277 
°0000975 
°0000774 
°0000627 
0000515 
e0000427 
20000354 
°0000294 
20000243 
0000199 
0000161 
20000128 
°0000099 
e0000073 
°0000050 
20000030 
20000012 
- 0000004 
- 00000 19 
- 0000032 
- 60000044 
- 0000055 
- 0000065 
- 0000074 
- 00000082 
- .0000089 
- .0000096 
--0000102 
- 0000107 
-.0000112 
- 0000117 
- 0000121 


Table 17. (Continued). 


Norma! Butane |sochore at 350 kg/m? 


|sotherm |sochore |sochore 

Tempe Pressure Z Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K 2 
416.274 302745 e 15711 001512 e 13054 0008352 
424.000 4.3018 e20265 002334 213489 0004029 
432.000 53921 224930 203142 ° 13749 20002656 
440.000 624997 029505 003937 013931 0001961 
448.000 7.6200 053973 204728 e 14070 20001528 
456.000 8.7501 058327 005516 014179 °0001228 
464.000 9.8881 042565 006304 ° 14268 0001005 
472.000 11.0326 046686 207091 0 14341 000083 1 
480.000 12.1824 250693 °07878 2 14402 20000691 
488.000 13.3366 234586 208664 0 14453 °0000576 
496 .000 14.4946 ° 58368 209451 ° 14495 0000480 
504.000 15.6556 062043 210238 214530 0000398 
512.000 1628192 65613 211024 2 14559 20000328 
520-000 17.9849 69081 °11810 ° 14583 0000267 
528 «000 19.1523 272450 ° 12595 ° 14602 0000214 
536 .000 2023211 0/5724 ° 13380 014617 20000167 
544.000 21.4909 e 78906 214164 ° 14628 e0000125 
552.000 2226615 081998 214947 014637 0000088 
560-000 23.8527 °85004 e 15730 ° 14643 20000055 
568.000 2520043 087927 16512 2 14646 e0000026 
576.2000 26.1760 °90768 » 17293 ° 14647 - 0000001 
584.000 275478 0935532 ° 18073 ° 14646 - 20000024 
592.000 28.5193 096221 ° 18851 ° 14643 - .0000046 
600.000 29 66906 098837 ° 19629 © 14639 -.0000065 
608.000 30.8615 1.01383 ° 20406 ° 14633 - 0000083 
616.000 32.0318 1.03861 021181 ° 14625 - 0000099 
624.000 332015 1.06274 021956 © 14617 -.0000113 
632.000 34.3705 1208623 022129 e 14607 - 0000126 
640.000 35.5386 1.10911 023501 © 14597 - 20000138 
648.000 36.7059 1.13140 024271 214585 - 0000149 
656-000 37.8723 1.15311 °25040 014573 ~ 0000159 
664.000 39-0376 1.17427 025808 ° 14560 -.0000167 
672.2000 40.2018 1.19490 226574 ° 14546 - 0000176 
680.000 41.3650 1221500 027339 014532 -.0000183 
688 .000 42.5269 1.25461 228103 014517 -.0000190 
696.000 43.6877 1625575: °28865 e 14502 - 0000196 
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Table 17. (Continued). 


Normal Butane |sochore at 400 kg/m? 


|sotherm | sochore | sochore 

Tempe Pressure Li Derivative Derivative Curvature 
K MPa MPaem3/kg MPa /K MPa/K 2 
402.840 226135 e 11338 204987 219052 0004716 
408.000 3.6023 ° 15431 205801 e 19265 20003636 
416.000 5.1540 °21653 207021 219513 20002653 
424.000 62/7228 e2/7710 °08210 «19699 e0002049 
432.000 8.3048 055597 209378 e 19846 2000 1630 
440.000 9.8973 059312 210532 ° 19963 e0001320 
448.000 11.4983 044856 ° 11676 220059 20001078 
456.000 13.1062 090231 e 12810 020137 °0000884 
464.000 14.7198 235445 e 13937 220201 e0000725 
472 .000 16235380 060495 215057 020253 e0000591 
480.000 17.9601 065393 216172 220296 0000477 
488.000 19.5852 0/0141 217281 020330 e0000379 
496-000 2122127 2 74744 e 18386 020357 20000295 
504.000 22.8421 e/9208 219486 020378 0000221 
512.000 2424730 °83537 220581 220393 0000155 
520.000 26-1048 087736 221673 °20403 0000098 
528-000 27273573 291810 °22760 °20408 °0000047 
536.000 29-3701 095764 225844 P 020410 20000001 
544.000 31.0029 099601 224924 220409 - 0000039 
552 000 326354 1.03326 e26000 220404 - 0000076 
560.000 34.2674 1.06944 2/073 220397 - 0000108 
568 .000 35-8988 1.10457 °28142 °20387 --0000138 
5762000 3725293 1.13870 ° 29208 220375 - 0000164 
584 .000 39.1587 1217186 250271 220361 - 0000188 
592.000 40.7869 1220410 251330 e20345 - 0000210 
600.000 42.4138 1225543 0532387 020327 - 0000229 
608.000 44.0392 1.26590 2533440 °20308 - 0000247 
616.000 45.6631 1.29553 254490 020288 - 0000263 
624.000 47.2852 1.32435 055537 e20266 - 0000277 
632-000 48.9056 1.35239 256580 020243 - 0000290 
640.000 50.5241 1.37969 °5/621 °20220 - 0000302 
648.000 52-1407 1.40625 2538659 e20195 - 0000313 
656-000 5321555 1.43212 ° 59694 220170 - 0000322 
664.000 5523679 1.45731 040726 020144 - 0000331 
672-000 56.9783 1.48184 041755 020117 - 0000338 
680.000 58-5865 1.50574 042781 °20089 -.0000345 
688.000 60.1926 1.252903 043804 °20062 - 0000351 
696.000 61.7964 1.55173 044825 220033 -.0000357 
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Tempe 
K 


381.922 
384 .000 
592.000 
400.000 
408.000 
416.000 
424.000 
432.000 
440.000 
448.000 
456.000 
464.000 
472.000 
480.000 
488.000 
496.000 
504.000 
512.000 
520.000 
528 .000 
536.000 
544.000 
552.2000 
560.000 
568.000 
576-000 
584.000 
592.000 
600.000 
608.000 
616-000 
624.000 


Pressure 
MPa 


1.8022 
223797 
4.6117 
6.8547 
9.1065 
11.3652 
13.6293 
15.8975 
18.1688 
204424 
22.7175 
24.9934 
27-2697 
29.5457 
31-8210 
3420952 
36.3681 
38 66592 
40.9084 
43.1753 
45.4397 
47.7015 
49.9605 
52-2164 
5424692 
562/187 
58.9649 
61.2076 
63-4466 
65.6821 
67.9138 
70.1417 


Table I7. 


(Continued). 


Normal Butane I|sochore at 450 kg/m 


007531 
209627 
e 18276 
226622 
° 54674 
042442 
249936 
257168 
264148 
e/0886 
o 17394 
083679 
289753 
095623 
1.01298 
1.06788 
1.12098 
1.17238 
1622213 
1.27031 
1.31698 
1236220 
1.40604 
1.44853 
1.48974 
1.52972 
1.56852 
1.60617 
1.64273 
1.67825 
1.71272 
1.74623 


|sotherm 
Derivative 
MPaem3/kg 
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2 12106 
° 12558 
2 14270 
2 15946 
2 17592 
219215 
e208 19 
°22405 
023975 
025532 
27077 
e 28609 
250132 
231644 
253146 
034640 
236125 
253/602 
259072 
040533 
041988 
043436 
044877 
046311 
047739 
049161 
° 50576 
251986 
295390 
234789 
2596182 
227569 


|sochore 
Derivative 


MPa/K 


227769 
02/7817 
02/975 
228097 
228194 
228270 
e 28329 
028374 
- 28407 
228431 
» 28445 
028452 
e 28452 
228447 
228436 
2 28420 
° 28401 
028377 
° 28351 
228321 
° 28289 
228255 
«282 18 
°28180 
228140 
228098 
° 28055 
»28011 
227966 
°2/920 
027873 
227825 


|sochore 
Curvature 
MPa/K 2 


20002405 
20002239 
20001731 
20001358 
e000 1069 
0000837 
0000646 
-0000486 
e0000350 
20000233 
0000131 
20000042 
- 0000036 
- 0000105 
- 0000 166 
-.0000220 
-.0000269 
-.0000312 
- 0000351 
-.0000385 
- 00004 16 
-.0000444 
- 0000469 
-.0000491 
-.0000511 
-.0000529 
- 0000545 
- 0000559 
- 0000571 
- 0000585 
- 0000592 
-.0000601 


Table 17. (Continued). 


Normal Butane |sochore at 500 kg/m 


|sotherm |sochore |sochore 
Temp. Pressure Z Derivative Derivative Curvature 
K MPa MPa» m3/kg MPa/K MPa/K2 

3532249 1.0155 204019 24622 40030 0000067 
356.000 2.1169 208314 025413 40031 0000020 
360.000 3.7181 - 14440 226554 40030 -.0000045 
364.000 525193 20432 27686 -40027 -. 0000106 
368.000 6.9203 » 26292 - 28810 240022 -.0000164 
372.000 8.5210 032026 229925 40014 -.0000218 
376.000 10.1214 2 57636 251033 40004 -.0000270 
380.000 11.7213 043127 032134 239993 -.0000319 
384.000 13.3208 248501 233227 259979 - 0000366 
388.000 14.9196 253762 234315 039963 -. 0000410 
392.000 16.5178 258914 035396 2 39946 - 0000452 
396.000 18.1153 263959 236471 2539927 -. 0000492 
400.000 19.7120 68900 257540 2539907 -.0000529 
404.000 21.3078 0/3741 ° 58604 239885 -.0000565 
408.000 22.9027 2 18484 ° 59662 2 39862 - 0000599 
412.000 24.4967 083131 e40715 2539837 -.0000631 
416.000 26-0897 87685 041764 239811 -.0000661 
420.000 27.6816 092150 e42807 039784 -.- 0000690 
424.000 2922724 96526 043846 239756 -.0000718 
428.000 30.8621 1.00817 44880 239727 -.0000743 
432.000 32.4505 1.05024 245910 2 59697 -.0000768 
436.000 34.0378 1.09151 246936 259665 -.0000791 
440.000 35-6237 1.13198 047958 2 59633 - 20000813 
444.000 37.2084 1.17168 048975 239600 -.0000834 
448.000 38.7918 1.21063 249989 2 39567 -.0000854 
452.000 40.373] 1.24886 250999 039532 -.0000872 
456.000 41.9543 1.28636 252005 39497 -.0000890 
460.000 43.5355 1.32317 253007 259461 -.0000906 
464.000 45.1112 1.35931 254006 2 39424 -.0000922 
468.000 46.6874 1.39478 255002 239387 -. 0000937 
472.000 48.2621 1.42961 255994 2 59349 -.0000950 
476.000 49.8353 1.46380 256983 059311 -.0000964 
480.000 5124070 1.49738 25/7968 039272 - 0000976 
484 .000 52-9771 1.53036 058951 239233 -.0000987 
488.000 54.5457 1.56276 259930 259193 - 0000998 
492.000 56.1126 1.59458 60906 239153 -.-0001008 
496.000 57.6779 1.62585 061879 0539113 -.0001018 
500.000 59.2416 1.65656 262849 259072 -.0001027 
504.000 60.8036 1.68675 63816 - 39031 -.0001035 
508.000 62.3640 1.71641 64781 2 38989 -.0001043 
512.000 63-9228 1.74557 065742 258947 -.0001050 
516.000 65.4798 1.77423 66701 2 38905 -.0001057 
520.000 67.0352 1.80240 °67657 238863 -. 0001063 
524.000 68.5888 1.83009 68610 ° 38820 -.0001069 
528.000 70.1407 1.85735 69561 238777 -.0001074 
532.000 7126910 1.88410 e 70509 2 38734 -.0001079 
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Temp. 
K 


3162955 
320.000 
324.000 
328 .000 
332.2000 
336.000 
340.000 
344.000 
348.000 
352.000 
356.000 
360.000 
364.000 
368 -000 
3722000 
376000 
380.000 
384.000 
388.000 
392.000 
396.900 
400.000 
404.000 
408 090 
412.000 
416.000 
420.000 
424.000 
428-000 
432.000 
436.000 
440.000 
444.000 


2732655 
276.000 
280.000 
284 .000 
288.000 
292.000 
296.2000 
300.090 
304.000 
308 000 
312-000 
316.000 
320.000 
324 .000 
328 2000 
332 000 
3362000 
340.000 
344.000 
348 000 
352-000 
356-000 
360-000 
364.000 


Table 17. (Continued). 


Normal Butane |sochore at 550 kg/m? 


| sotherm |sochore |sochore 

Pressure 7h Derivative Derivative Curvature 
MPa MPaem3/kg MPa/K MPa/K2 
04215 °01690 044649 °©5/026 -.0003178 
2. 1566 08566 045781 056931 - 0003082 
4.4314 2 17384 047261 256810 -.0002970 
6/015 °25969 248732 256693 -.0002875 
8.9670 034329 050195 256580 - 0002792 
11.2279 042474 251650 © 56470 -.0002720 
13.4846 250410 055096 256362 - 0002657 
1527370 058146 054535 256257 -. 0002603 
17.9852 065689 255966 056154 -.0002555 
20-2293 e 73046 03/389 256053 -.0002514 
22-4694 080223 258806 0559535 -.0002477 
24.7055 087227 ©60214 2055854 - 20002444 
26.93/78 294063 061616 0DD715T7 - 0002416 
29.1661 1.00737 063011 55661 ~. 0002590 
3125907 1.07255 064399 035566 - 20002567 
33.6114 1.13621 065781 055472 -.0002347 
3568284 1.19840 067156 055378 - 0002328 
38.0417 1.25918 068525 035285 -.0002312 
40.2513 1231858 069888 055193 - 0002297 
42.4571 1.37665 0/1244 055102 -. 0002283 
44.6594 1.43343 e 7/2595 055011 - 0002270 
46.8580 1.48896 «7/3940 © 54920 -.0002258 
49.0530 1254327 0/5279 254830 - 00002247 
51.2444 1.59641 e/6613 © 54740 - 0002237 
5324322 1.64841 0/7941 2054651 - 20002228 
5526165 ~ 1.69930 e 1/9264 054562 -.0002219 
57-7972 1.74911 080582 054475 - 0002210 
59.9744 1279787 081894 254385 - 0002202 
62.1480 1.84562 083202 054297 -.0002193 
64.3181 1.89238 084504 254210 -. 0002186 
66.4848 1.93818 085802 054122 - 0002178 
68.6479 1.98305 087095 054035 -.0002171 
70-8076 2202701 088383 253949 -.0002163 


Normal Butane |Isochore at 600 kg/m? 


2 1053 000448 e 74460 080593 - 0008644 
1.9925 008411 0/5571 080394 - 0008386 
502016 °21645 ~ e/7460 280066 - 0007986 
8 63989 034453 0/9341 0/9754 -. 0007630 

11.5821 046856 281216 2/9456 - 0007311 
14.7546 2 58873 083082 2/9169 - 0007024 
1729158 e 70520 284940 e 1/8893 - 0006766 
21.0662 081815 286790 °/8627 - 0006534 
24.2061 092773 288652 e 78370 - 0006323 
27 03359 1.03408 290465 °/8121 - 0006131 
3024559 1.13733 092290 e/7880 - 0005957 
33 5664 1.23762 094107 2/7644 -. 0005797 
36.6675 1.233506 095915 0/7416 - 0005652 
392/597 1242978 097716 0/1192 -20005517 
42.8430 1.52187  .99508 0/6974 - 0005394 
45.9177 1.61143 1.01291 °/6761 -- 0005280 
48.9839 1.69857 1.05067 2/6551 -.0005174 
52.0418 1.78338 1.04835 2 16346 - 0005076 
5520917 1.86594 1.06595 °/6145 - 0004985 
581335 1294633 1.08547 275948 - 0004900 
61.1675 2.02464 1.10091 0/5153 - 0004820 
64.1938 2210094 16113827 ° 75562 - 0004745 
6762125 2217529 12135556 0/5374 - 0004675 
70 2237 2024777 1.15278 2/5188 -- 0004609 


110 


Table 17. (Continued). 


Normal Butane |sochore at 650 kg/m? 


| sotherm | sochore | sochore 
Tempe Pressure 7L Derivative Derivative Curvature 
K MPa MPaem3/kg MPa/K MPa/K2 

224.711 0104 e00050 1.16166 1.13762 -.0019286 
226-000 1.4747 207018 1.16929 1.13515 -.0018906 
228.000 3.7413 17648 1.18115 1.13143 -.0018345 
230-000 629005 2 28059 1.19300 1.12781 -.0017816 
232.2000 822526 © 38257 1220484 1.12430 -.0017316 
234.000 10.4978 048249 1.21668 1.12089 -.0016845 
236-000 12.7362 258041 1222851 1.11756 -.0016399 
238.000 14.9681 067639 1224033 1211432 -.0015977 
240.000 17.1936 e/77048 1.25214 Won lalate -.0015578 
242.000 19.4128 °86274 1.26394 1.10809 -.0015199 
244.000 21-6260 095322 1227572 1.10509 -.0014841 
246.000 2383532 1.04197 1.28748 1.210215 -.0014500 
248 .000 2620347 1.12904 1.29923 1.09929 -.0914177 
250.000 28 «2304 1.21447 1231096 1.09648 -.0013869 
252-000 30.4206 1229830 1.32268 1.09374 -.0013577 
254.000 32.6054 1238059 12335437 1.09105 -.0013298 
256-000 34.7849 1.46136 1.34604 1.08842 -.0013033 
258 2000 36-9591 1.54067 1.35770 1.08584 -.0012781 
260.000 39.1283 1.61855 1.36933 1.08331 -.0012539 
262 -000 41.2924 1.69503 1.38094 1.08082 -.0012309 
264.000 43.4516 1.77015 1.39253 1.07838 -.0012089 
266.000 45.6059 1.84394 1.240410 1.07598 -.0011879 
268.000 47.7555 1.91645 1241564 1.07363 -.0011678 
270.2900 49.9005 1.98769 1242716 1.07131 -.0011485 
272-000 52.0408 2.05771 1.45866 1.06903 -.0011301 
274.000 54.1766 2.12652 1.45013 1.06679 -.0011124 
276-000 56-3080 2.19416 1.46158 1.06458 -.0010954 
278-000 58 -4350 2226067 1247300 1.06241 -.0010791 
280.000 60.5577 2232605 1.48441 1.06027 -.0010635 
282.000 62.6761 2239035 12495783 1.05816 -.0010485 
284.000 64.7903 2245358 1.50713 1.05607 -.0010340 
286.000 66-9004 2-51577 1.51846 1.05402 -.0010201 
288.000 69-0064 225/694 1.52976 1.05199 -.0010066 
290.000 71-1084 2.63713 1.54103 1.04999 -.0009937 


Normal Butane |sochore at 700 kg/m? 


1722361 20002 200001 1.72229 162029 - 60043399 
174.000 2.6501 e 15210 1.73404 1.61329 - 0042017 
176.000 5 8684 2535299 1.74843 1.60505 - 0040433 
178.000 920705 e 50890 1.76287 1.59711 29038954 
180.000 1222570 °68004 VOUS 1.58946 - 0037570 
182.000 1524285 284660 1.79191 1.58208 - 0036275 
184.000 18.5855 1.00874 1.80648 1257495 - 20035061 
186.000 21.7284 1.16665 1.82107 1.56805 - 0033923 
188.000 24.8578 12352047 1.83569 1256137 - 0032853 
190.000 27.9741 1.47037 1.85033 1.255490 - 20031847 
192.000 3120776 1.61648 1.86498 1254863 - 0030901 
194.000 34.1687 1.75894 1.87964 1.54254 - 0030009 
196.000 3722478 1.89788 1.89430 1.53662 - 0029168 
198.000 40.3155 22035343 1.90897 1.53087 - 0028374 
200.000 4325714 216569 1.92363 1252527 - 0027624 
202.000 46.4165 229480 1.93828 1.51982 -. 0026914 
204-000 49.4508 2242084 1.95293 1251450 - 0026243 
206.000 52 4746 2254393 1.96757 1.50932 -e 0025606 
208.000 5524881 2.66416 1.98219 1.50426 - 0025002 
210.000 56 04917 2.78162 1.299680 1.49931 - 0024429 
212-000 6124855 2.89641 2201139 1.49448 - 0023884 
214.000 64.4697 3.00861 2.02596 1248976 - 0023366 
216-000 67.4446 3211829 2204051 1.48514 - 0022873 
218.000 7024103 3222555 2205504 1.48061 - 0022403 


deal 


Temp. 
K 


134.860 
136.000 
137.000 
138.000 
139.000 
140.000 
141.000 
142.000 
143.000 
144.000 
145.000 
146.000 
147.000 
148.000 
149.000 
150.000 
151.000 
152.000 
153.000 
154.000 
155.000 
156.000 
157.000 
158.000 
159.000 
160.000 
161.000 
162.000 
163.000 
164.000 
165-000 
166.000 
167.000 
168.000 
169.000 
170.000 


Table 17. (Continued). 


Normal Butane I|sochore at 735.272 kg/m 


|sotherm |sochore |sochore 

Pressure Z Derivative Derivative Curvature 
MPa MPa» m3/kg MPa/K MPa/K 2 
20000 200000 2023494 2211009 -.0082374 
224002 16780 2.24373 2. 10083 - 0080029 
4.4971 e21209 2225150 2209293 -.0078062 
6.5861 045376 2225932 2.08522 -.0076175 
8.6676 59286 2.26720 2207769 - 0074365 
10.7416 °/2948 2.27513 2207034 -.0072627 
12.8083 86567 2.28310 2206316 -.0070958 
14.8679 299549 2229112 2.05615 -.00693 54 
16.9207 1.12500 2.29918 2.04929 - 0067813 
18.9666 1.25228 2230727 2.04258 - 0066332 
21.0059 1.37736 22351540 2203602 - 0064907 
23.0387 1.50030 2232356 2.02960 -.0063535 
25.0651 1.62116 2233176 2.02531 -.0062216 
27.0853 1.73999 2.33998 2.01716 -.0060945 
29.0995 1.85683 2234823 2201112 -.0059720 
31.1076 1.97174 2235651 2.00521 -.0058540 
33.1099 2.08475 2.36481 1.99941 -.0057403 
35-1065 2.19592 263133 1.99373 -. 0056306 
37.0974 2230529 2238147 1.98815 -.0055248 
39.0828 2.41290 2.38983 1.98268 -.0054227 
41.0628 2.51878 2.39821 1.97730 -.0053241 
43.0375 2.62298 2240660 1.97203 -.0052289 
45.0069 2/2554 2241501 1.96685 -.0051370 
46.9712 2282649 2242343 1.96175 -.0050481 
48.9304 292587 2.43136 1.95675 - 0049622 
50.8847 3.02371 2244030 1.95183 -.0048791 
52-8341 3212005 2244876 1.94699 - 0047987 
54.7787 3221492 2245722 1.94223 -.0047209 
56. /186 3.30835 2246569 1.93755 - 0046456 
58.6538 3.40037 2247416 1.93294 -.0045727 
60.5845 3249101 2248265 1.92840 -.0045021 
62.5107 3.58030 2249113 1.92393 -.0044336 
64.4324 3.66827 2249962 1.91953 - 0043673 
66.3498 3.75494 2.50812 1.91520 -.-0043030 
68.2628 3.84035 2.51661 1.91093 -.0042406 
70.1716 3.92451 2252511 1.90672 -.0041801 
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Table 18. Calculated P(p) isotherms of normal butane. 


Normal Butane |sotherm at 140 K 


|sotherm | sochore | sochore 

Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa em3/kg MPa/K MPa/K2 

200 °0000 299999 202003 e00000 - .0000000 
730242 20000 200000 2.15633 2203252 -.0075018 
750262 043535 202962 2.16164 2.03406 - 0074912 
731025 1.7892 012217 2.17666 2.03886 - 0074586 
73188 3.1543 SAA By 2219176 2204369 - 0074266 
732.50 4.5290 ° 30874 220693 2204854 - 20073952 
733012 529131 040274 2022217 2205341 - 0073643 
133015 7235067 049724 20235749 2205831 -.0073341 
734.38 8.7099 059223 2625289 2.06323 - 0073044 
735.200 10.1228 268771 2625356 2206818 - 20072752 
73563 11.5453 e 1/8369 2228391 2.07315 - 00072466 
736225 12.9777 288017 2.29954 220/814 - 29972185 
736.87 14.4198 097715 2051524 2208316 -.0071910 
737250 1528718 1.07463 2653102 2.08820 -.0071641 
738612 1725537 1.17261 2254688 2.093527 - 0071376 
7138675 18.8053 1.27109 256282 2.09836 -.0071117 
739.38 20.2871 1237009 2237883 2210347 - 0070864 
740-00 21.7789 1.46960 259493 2.10860 -.0070615 
740.63 23.2808 1.56961 2.41110 2.11376 - 20070372 
741225 2421928 1.67015 2042736 2.11894 -. 0070134 
741.87 2625150 1.77119 2244369 2.12414 - 0069901 
742.50 27 8474 1.87276 2.46011 2¢ 12937 - 0069673 
743015 29.5901 1297485 2.47660 2215461 - 0069450 
743275 309432 2.07746 2249318 2.13988 - 0069232 


Normal Butane |sotherm at 150 K 


200 20000 099997 002146 e00000 - 0000000 
721.01 20000 200000 2201286 1.89224 -.0062911 
72125 24770 e03082 2201827 1.89405 - 0062820 
722.50 320178 e 19466 2.04699 1.90352 - 0062354 
723015 525946 236026 2207598 1291309 - 0061905 
725.00 8.2078 052762 210524 1.92275 -.0061474 
726225 10.8578 069677 2.13479 1295249 - 0061059 
727.250 13-5449 286771 2. 16461 1294232 - 0060661 
728.75 1622695 1.04046 2219472 1.95222 - 0060279 
730-00 19.0319 1.221503 222511 1.96221 - 00599 13 
731225 21-8324 1.39144 225580 1297228 - 0059565 
732.250 24.6716 1.56971 2228677 1.98242 - 0059228 
733015 2725495 1.74983 231803 1.99265 - 0058909 
735.200 30.4667 1.93183 234959 2200296 - 0058605 
736025 3304236 2211572 2238145 2201334 - 0058315 
737250 3624205 2230152 2241361 2202379 - 0058041 
738675 3924577 2248925 244607 22035433 - 0057781 
740.00 42.5557 2.67888 2247885 2204494 -. 0057535 
741225 45.6549 2087047 2251193 2005562 - 0057504 
742.50 48.8157 3.06403 2254533 206638 - 0057086 
743.275 5220184 325957 2257904 207721 - 0056883 
745.00 5562634 3245710 22613508 2.08811 - 0056692 
746025 5825512 3.65664 2264744 2.09908 - 0056516 
747.50 61.8822 3285820 2268212 2211012 - 0056352 
748.75 6522567 4.06180 2271714 2212123 - 0056202 
750200 68.6751 4.26745 2275249 2215241 - 0056064 
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Density 
kg/m3 


200 


711262 
712.50 
713075 
715200 
716225 
717250 
718675 
720200 
721.25 
722.50 
723075 
725.200 
72625 
727.250 
728.75 
730290 
731225 
732250 
75375 
735200 
736025 
737250 
73875 
740.00 
741225 
742250 


201 


692.81 
693.75 
695.00 
696.25 
697.50 
698.75 
700.00 
701025 
702 50 
703075 
705.200 
706225 
707.250 
708.75 
710.200 
711225 
71250 
713075 
715200 
716025 
717250 
718.75 
720200 
721225 
72250 
723175 
725.00 
72625 
727250 


Pressure 
MPa 


20000 


20000 
16660 
4.0549 
604783 
8.93566 

1124301 
13.9592 
1625240 
19.1251 
21.7626 
24.4370 
27.1486 
29.8977 
32.6847 
355098 
583735 
41.2761 
44.2181 
47.1995 
50.2210 
53-2828 
5623854 
59 2 5289 
62.7140 
65-9409 
69-2100 


20003 


20003 
125495 
326276 
50/571 
70878335 

10.0515 
12.2570 
14.4950 
16-7659 
19.0699 
21.4074 
2327785 
26.1837 
282.6232 
3120972 
33.6062 
36.1504 
33.7302 
41.3457 
43.9974 
46.6856 
49.4105 
5231725 
54.9720 
57.809 1 
60.6843 
63-5979 
6625503 
69.5416 


Table 18. (Continued). 


Norma | 


299990 


200000 

e 10216 

024822 

° 39587 

054514 

269603 

084856 
1.00273 
1. 15856 
1.31606 
1247524 
1.63611 
1.79868 
1.96297 
2.12898 
2029673 
2246624 
2065751 
2.81055 
2298538 
3.16201 
3234046 
3252072 
3.70283 
3.88679 
4.07262 


Norma | 
099937 


200002 
208674 
220271 
e 32002 
043867 
095867 
°68004 
280278 
092689 
1205240 
1.17930 
1230760 
1243732 
1.56846 
1270103 
1.83504 
1.97051 
2210743 
2624581 
238568 
2252703 
2.66987 
2281422 
296009 
3210747 
325640 
3240686 
3255887 
3271245 


Butane Isotherm at 160 K 


Isotherm 
Derivative 
MPa em3/kg 


202288 


1.87808 
1289736 
1.92488 
1.95266 
1.98069 
2.00897 
2203752 
2.06635 
2.09540 
2.12474 
2.15434 
2218422 
2021437 
2024479 
2227550 
2230648 
22353774 
2.36930 
2240113 
2243326 
2246568 
2249840 
2255142 
2056474 
259836 
22635230 


Butane |sotherm at 180 K 
092572 


1.63122 
1.64998 
1.67501 
1.70026 
1.72574 
1.75144 
NOTH 
1.80353 
1.82992 
1.85654 
1.88340 
1.91049 
1.93782 
1.96538 
1.99319 
2202124 
2204954 
2207808 
2.10686 
2213590 
2.16519 
2.19473 
2622453 
2625459 
2228491 
2251548 
2.34653 
2037743 
2.4088 1 
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lsochore 
Derivative 


MPa/K 
e00000 


1.76421 
1277075 
1.78008 
1.78948 
1.79895 
1.80850 
1.81812 
1.82781 
1.83757 
1.84741 
1.85731 
1.86728 
1.87733 
1.88744 
1.89762 
1.90787 
1.91818 
1.92857 
1.93901 
1.94953 
1.96011 
1297075 
1.98146 
199223 
2200306 
2201395 


200000 


1.53821 
1.54483 
1.55364 
1.56250 
1.57143 
1258042 
1.58946 
1.59856 
1.60772 
1.61694 
1.62621 
1263555 
1.64493 
1.65438 
1.66388 
1267344 
1.68305 
1.69272 
1.70244 
1271222 
1.72206 
12735195 
1.74189 
1.75188 
1.76194 
1.277204 
1.78220 
1.79241 
1.80267 


| sochore 
Curvature 
MPa/K2 


- .0000000 


- 0053112 
- 0052872 
- 20052543 
- 0052228 
- 20051925 
- 00516355 
- 200951553 
- 0051095 
- 005084 1 
- 0050600 
- 20050371 
- 0050154 
- 20049948 
- 0049753 
- 0049570 
- 00049598 
- 0049237 
- 0049086 
-. 0048947 
- 0048817 
- 0048699 
- 0048590 
=. 0048492 
-.0048404 
-.9948525 
- 0048257 


- 0000000 


- 0038429 
- 0038301 
2 0038 139 
- 0037986 
- 00357840 
- 0037701 
-. 0037570 
- 20037447 
- 0037331 
- 20037222 
-.0037120 
- 0037025 
-. 0036937 
- 20036856 
- 0036781 
-.0036714 
= 0036653 
- 0036598 
-- 0036550 
- 0036508 
- 0056473 
- 0036444 
- 0056421 
- 0036404 
- 0036394 
- 0036389 
- 0036391 
- 0036398 
- 0036411 


Density 
kg/m 


207 


673.85 
675-00 
676225 
677.50 
678.75 
680.00 
681.25 
682.50 
683.75 
685.00 
686.25 
687.50 
688.75 
690.00 
691.25 
692.50 
6935.15 
695.00 
696625 
697.50 
698.75 
700.00 
701.225 
702-50 
703.75 
705-00 
706.25 
707.50 
708.75 
710.00 
711225 
712.50 
713075 


Pressure 


MPa 
20019 


20019 
1.6332 
324345 
52642 
701227 
9.0102 

10.9271 
12.8734 
14.8495 
16.8557 
18.8922 
20.9595 
2320572 
25-1863 
2723467 
29.5388 
31.7628 
34.0190 
3623077 
38 66292 
40.9836 
4323714 
45.1928 
48.2481 
5067375 
53-2614 
55-8200 
58.4156 
61.0426 
63-7072 
66.4078 
69.1445 
7129178 


Table 18. (Continued). 


Normal Butane |sotherm at 200 K 


|sotherm |sochore |sochore 

Z Derivative Derivative Curvature 
MPa »m3/kg MPa/K MPa/K4 

099751 202847 00001 -.0000000 
00010 1.40894 1.34406 -.0028162 
208457 1.42965 1.35158 -.0028097 
217752 1245235 1.35981 -.0028031 
27159 1.47527 1.36808 -.0027970 
-36680 1.49838 1.37641 -.0027914 
046315 1.52170 1.38478 -.0027863 
256065 1.54522 1239320 -.0027816 
65930 1.56895 1.40167 -.0027773 
0/5911 1.59289 1.41019 -.0027735 
86010 1.61704 1.41875 -.0027702 
96226 1.64140 1.42736 -.0027672 
1.06560 1.66597 1.43603 -.0027647 
1.17014 1.69076 1.44474 -.0027627 
1.27587 1.71576 1.45349 -.0027610 
1.38281 1.74097 1.46230 -.0027598 
1.49096 1.76640 1.47115 - 0027589 
1.60032 1.79205 1.48005 -.0027585 
1.71092 1.81792 1.48900 -.0027585 
1.82274 1.84401 1.49800 -.0027589 
1.93581 1.87033 1.50704 -.0027597 
2.05012 1.89686 1.51613 -. 0027608 
2.16569 1.92363 52527, -.0027624 
2.28253 1.95062 1.53445 -.0027643 
2.40063 1.97783 1.54369 -.0027667 
2.52001 2.00528 1255297 -.0027694 
2264067 2203296 1.56229 -.0027725 
2.76263 2.06087 1.57167 -.0027759 
2.88589 2208902 1.58108 -.0027798 
3.01045 2211740 1.59055 -. 0027840 
3.13633 2.14602 1.60006 - 0027886 
3.26353 2.17488 1.60962 -. 0027936 
3239207 2220398 1.61923 - 0027989 
3.52194 2223332 1.62888 -.0028046 


1S 


Density 
kg/m3 


025 


654.60 
655.00 
656025 
657.50 
658.75 
660.00 
661.25 
662.50 
663.75 
665.00 
666.25 
667.50 
668.75 
670.00 
671.25 
672.50 
673.75 
675-00 
676.25 
677-50 
678.75 
680.00 
681.25 
682.50 
683.75 
685.00 
686.25 
687.50 
688.75 
690.00 
691.25 
692.50 
693.75 
695.00 
696.25 
697.50 
698.75 


Pressure 


MPa 
20078 


20078 

» 4948 
220240 
325788 
5.1593 
6.7658 
8.3985 
10.0577 
11.7436 
1324564 
1521965 
16.9639 
18.7590 
20. 5821 
2224333 
24.3129 
26.2211 
28.1583 
30.1246 
32.1203 
34.1456 
36.2009 
38 ©2863 
40.4022 
42.5488 
44.7263 
46.9350 
49.1752 
514471 
532/510 
56.0872 
58.4560 
60.8575 
63.2921 
65.7601 
68.2618 
70.7973 


Table 18. (Continued). 


Normal Butane Isotherm at 220 K 


|sotherm |Isochore |sochore 

iL Derivative Derivative Curvature 
MPa «m3/kg MPa/K MPa/k 2 

299302 03105 200004 -.0000000 
200038 1.20671 1.17455 -.0020734 
02400 1.21322 1.17698 -.0020729 
09800 1.23355 1.18457 -.0020717 
«17296 1.25406 1.19220 -.0020708 
224887 1.27477 1.19987 -.0020702 
232574 1.29566 1.20758 - 0020699 
40359 1.31673 1.21533 -.0020699 
48240 1.33800 1.22312 -.0020701 
256221 1.35946 1.23095 -.0020707 
264299 1.38111 1.23883 -.0020715 
7/2478 1.40296 1.24674 -.0020726 
80756 1242499 1.25470 -.0020 739 
089134 1.44723 1.26270 -.0020755 
09/614 1.46965 1.27074 -.0020774 
1.06196 1.49228 1.27882 -. 0020795 
1.14880 1.251510 1.28694 - 0020818 
1.23666 1.53812 1.29511 -.0020845 
1.32556 1.56134 1.30331 -.0020873 
1.41551 1.58477 1.31156 -.0020905 
1.50650 1.60839 1.31985 - 20020938 
1.59854 1.63222 1.32818 -.0020975 
1.69165 1.65625 1233655 -.0021013 
1.78581 1.68049 1.34497 -.0021054 
1.88105 1.70494 1.35342 -.002 1098 
1.97737 1.72959 1.36192 -.0021144 
2207478 1.75445 1.37046 -.0021192 
Ze ttS27 1.77952 1.37904 -.0021243 
2.27286 1.80481 1.38766 -.0021296 
263/59) 1.83030 1.39633 -.0021351 
2247535 1.85601 1.40503 -.0021409 
2257827 1.88194 1.41378 -.002 1469 
2268230 1.90808 1.42257 -.0021531 
2.78747 1.93444 1.43140 -.0021596 
2.89377 1.96102 1.44027 -.002 1663 
3.00121 1.98781 1.44918 -.0021733 
3.10980 2201483 1.45814 -.0021805 
3.21954 2.04207 1.46714 -.0021879 
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Table 18. (Continued). 


Normal Butane |sotherm at 240 K 


|sotnerm |sochore | sochore 

Density Pressure jl. Derivative Derivative Curvature 
kg/m3 MPa MPa»m3/kg MPa/K MPa/K2 

e771 00241 098456 205532 »00010 - .0000000 
634.87 20241 200110 1.02168 1.02453 - 0015203 
635.00 2 1576 200723 1.02356 1.02526 - 20015205 
637250 2.7618 212619 1.05990 1.03922 - 0015250 
640.00 504577 224839 1.09693 1.05332 - 0015302 
642.50 8.2471 23/388 1.13467 1.06757 -.00153561 
645.00 1121317 230270 1.17311 1.08196 - 0015427 
647.50 14.1132 065489 1.21226 1.09649 -.0015499 
650.00 17.1956 ° 7/048 1.25214 1e11117 - 0015578 
65250 20.3745 090953 1.29274 1.12600 -. 0015663 
655-00 23.6578 1.05207 1.33409 1214097 - 20015754 
657250 2720455 1.19815 1.37617 1.15609 -. 0015851 
660.00 30.5594 1.34780 1.41901 1217135 - 0015954 
66250 34.1412 1.50108 1.46260 1.18677 --0016063 
665.00 3728530 1.65802 1.50696 1220233 -.0016178 
667.250 41.67/67 1.81866 1.55210 1.21805 - 0016299 
670.00 4526142 1298306 1.59802 1.23391 - 0016426 
672650 49,6574 2215124 1.64472 1.24993 -. 0016558 
675-00 53-8385 22323527 1.69223 1.26609 - 20016697 
677250 58.1292 2249917 1.74054 1.28241 -.0016842 
680.00 62.5418 2.67900 1.78967 1.29887 - 0016992 
682.50 6720783 2.86279 1283962 1.31549 -.0017149 
685.00 71.7406 3.05060 1.89040 1235226 - 00017312 


Normal Butane |sotherm at 260 K 


1.69 20610 297089 005511 200025 - 0000001 
614.46 20610 200267 285208 89018 -.0010979 
615.00 25249 002295 085896 089293 - 0010998 
617.50 2.7122 211810 089105 290569 -.0011084 
620.00 4.9806 221599 092379 291858 -.0011174 
622.50 723517 051668 095717 093159 - 0011268 
625-00 9/671 242018 099122 294473 - 0011366 
627.50 12.2883 232654 1.02592 095799 - 20011467 
630.00 14.8972 063579 1.06130 097139 -.0011572 
6352-50 17.5954 2/4798 1.09736 09849 | -.0011681 
635-00 29.5846 286313 1.13410 099857 -.0011793 
637-50 23.2665 098129 1217153 1.01236 - 20011909 
640-00 2622429 1.210250 1.20967 1.02628 - 0012028 
642.50 29 23154 1622679 1.24851 1.04035 -. 0012150 
645.00 32.4860 1.355421 1.28806 1205452 -.0012277 
647.250 3567563 1.48478 1.232853 1.06885 - 0012406 
650.00 39-1283 1.61855 1236953 1.08331 - 0012539 
652.50 42.6036 1.75555 1.41106 1.99790 -.0012676 
655-200 46.1841 1.89583 1245354 1.211263 -.0012817 
657.50 49.8719 2203943 1.49676 1212751 - 0012961 
660.00 53.6686 2.18637 1254074 1214251 - 20013109 
662 50 5725162 2.53671 1.58549 1.15766 - 0013261 
665-00 61.5967 2249049 12635100 1217295 - 0015416 
667.50 652/319 2264775 1.67729 1.18838 -.0013575 
670.00 69.9838 2.80848 1272437 1.20395 - 0013739 


M7) 


Density 
kg/m> 


2.50 
3.49 


593611 
595.00 
597.250 
600.00 
602.50 
605-00 
607.50 
610.00 
612.50 
615.00 
617-50 
620.00 
622.50 
625-200 
627-50 
630.00 
632.250 
635-200 
637.50 
640-00 
642.50 
645.00 
647.50 
650.00 
652.50 
655.00 


Pressure 


MPa 


20965 
21330 


2 1330 
1.4717 
323011 
522016 
721746 
9.2217 

11.3442 
13.5440 
15.8223 
18.1810 
20.6215 
2321455 
2521546 
28 64505 
31.2348 
34.1092 
3720755 
40. 1354 
43.2905 
4625427 
49.8937 
553453 
56.8994 
60.5577 
64.3220 
68. 1943 


Table 18. (Continued). 


Normal Butane Isotherm at 280 K 


|sotherm |sochore |! sochore 

Z Derivative Derivative Curvature 
MPa «m3/kg MPa/K MPa/K2 

296392 203728 00037 -.0000002 
95069 203620 200053 - 0000004 
00560 269689 2/6860 - 0007679 
006175 71778 STTSZ -.0007762 
2 13794 e 74589 2 78894 - 0007873 
021645 77460 80066 -. 0007986 
°29731 80390 81250 -.0008101 
238055 083382 082446 -. 00082 18 
246622 286435 °83653 -.0008336 
055434 089551 284872 -.00084 56 
© 64495 292730 °86102 - 0008577 
73808 095972 287344 -.-0008701 
S055 77 299279 288598 -.0008826 
293205 1.02651 289864 -.0008953 
1.03295 1.06089 091143 -.0009082 
1.13651 1.09593 292433 -.0009212 
1.24276 1.13164 093736 -.0009345 
Pes D175 1.16803 295051 -.0009480 
1.46349 1.20511 296378 -.0009616 
1.57804 1.24288 09/718 -.0009755 
1.69542 1.28135 99071 - 0009896 
1.81566 1.32052 1.00436 -.0010039 
1.93881 1236041 1.01815 -.0010185 
2.06491 1.40101 1.03206 -.0010332 
2.19397 1.44234 1.04610 -.0010482 
2.232605 1.48441 1.06027 -.0010635 
2.46118 152721 1.07457 -.0010790 
2.59938 1.57076 1.08900 -.0010948 
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Table 18. (Continued). 


Normal Butane Isotherm at 298.150 K 


|sotherm |Isochore |Isochore 

Density Pressure Z Der ivative Derivative Curvature 
kg/m3 MPa MPa «m3/kg MPa /K MPa/K2 

2.50 ° 1032 ° 96802 °04006 200037 ~.0000001 

5.00 22003 093919 003757 -00076 - 0000007 

6.18 ° 2438 092534 203634 °00096 - 60000012 
572265 2438 200998 256807 266742 - 0005261 
575.00 1.6070 206553 ° 59049 067726 - 0005378 
577250 3.1136 212641 61484 -68781 -.0005502 
580.00 4.6817 ° 18926 063973 269847 - «0005627 
582.50 6.3127 025410 066517 °/0925 - 0005752 
585.00 80080 ° 32096 269117 e 72009 - 0005877 
587.50 9. 7690 258988 0/1774 0/3105 -. 0006002 
590.00 11.5972 °46088 2/4489 ° 74213 - 0006128 
592.50 13.4939 093400 °/7261 ° 75330 -.0006255 
595.00 15.4608 ° 60926 °80093 «16459 - 0006382 
597.50 17.4991 °68670 282984 -/7599 -.0006510 
600.00 19.6105 » 16634 285935 2/8749 - 0006638 
602.50 21.7964 284823 288948 2/9911 -. 0006768 
605.00 24.0584 293239 ° 92022 ~81084 - 0006898 
607.50 26-3980 1.01885 095158 282268 -. 0007029 
610.00 28.8168 1.10765 298358 © 834635 - 0007160 
612-50 3123164 1.19882 1.01621 084670 -. 00072935 
615-00 33.8984 1.29238 1.04949 285889 - 0007428 
617.50 36.5644 1.38838 1.08341 087119 -.0007563 
620.00 39.3160 1.48684 1.11800 88361 - .0007699 
622.50 42.1549 1.58780 1.15325 089615 - 0007837 
625.00 45.0828 1.69129 1.18917 -90881 - 0007976 
627.50 48.1013 1.79734 1.22576 092158 -.0008117 
630.00 51.2122 1.90598 1.26304 © 93448 ~ 0008259 
632.50 5424171 2.01726 1.30102 094750 -.0008402 
635.00 572/178 2.13119 1.33969 °96064 - 0008547 
637-250 61.1161 2.24782 1.37906 097391 - 0008694 
640.00 64.6137 2.36718 1.41915 098729 - 0008843 
642.50 68.2125 2248930 1.45995 1.00081 0008993 
645.00 71.9141 2261421 1.50148 1.01444 -.0009145 


119 


Density 
kg/m3 


2.50 
5200 
6.52 


570.49 
572.50 
575-200 
577250 
580.00 
582.50 
585.00 
587250 
590-00 
592.50 
595.00 
597.250 
600.00 
602.50 
605.00 
607.50 
610.00 
612.50 
615.200 
617.50 
620.00 
622.250 
625.00 
627.250 
630.00 
632.50 
635.200 
637.250 
640.00 
642.50 


Pressure 


MPa 


2 1039 
e2017 
22582 


02582 
1.3934 
2.8591 
4.3851 
529729 
726238 
923392 
11.1205 
12.9691 
14.8865 
1628742 
18.9536 
21.0662 
232156 
2525512 
2729187 
30.3597 
32.88 16 
3524861 
38.1748 
40.9494 
43.8115 
46.7627 
49.8048 
5229395 
56.1685 
5924936 
62.9164 
66-4387 
7020624 


Table 18. (Continued). 


Normal Butane !|sotherm at 300 K 


|sotherm |sochore |sochore 

Lele Derivative Derivative Curvature 
MPa em3/kg MPa/K MPa/K2 

2 96839 004034 00037 -.0000001 
293998 203788 ~00076 -.0000006 
292233 203630 00102 -.0000014 
°01055 20957 065753 -.0005039 
°05671 057438 066585 -.0005140 
11587 059826 67628 -.0005265 
e 17694 © 62268 68681 - 0005391 
023997 064764 269744 -.0005516 
° 30498 067316 e/0817 -.0005642 
03/201 269924 71901 -.0005768 
044108 e 12589 e 72995 -.0005894 
eDUZ22 Sti 74100 -.0006021 
258547 2 7/8092 °/5216 -.0006148 
66085 80931 276342 -.0006276 
° 75840 °83830 2/7479 -.0006404 
081815 286790 °/8627 -. 0006534 
90013 89811 2/9787 -.0006663 
098437 292893 280957 -.0006794 
1.07090 96038 282139 -.0006925 
1.15976 099246 283352 -.0007058 
1.25097 102517 284536 -.0007191 
1.34457 1.05854 2085752 -.0007325 
1.44059 1.09255 - 86980 -.0007461 
1.53906 Lel2722 88220 -.0007598 
1.64002 1.16256 89471 -.0007736 
1.74349 1.19857 090734 -.0007875 
1.84952 1223525 292009 -.0008016 
1.95812 1.27262 093296 -.0008158 
2.06935 1.31069 294595 -.0008302 
2.18322 1.34945 095907 -.0008447 
2229977 1.38891 097231 -.0008594 
2241903 1.42909 098567 -.0008743 
2254104 1.46998 99915 -.0008893 


120 


Density 
kg/m3 


2.50 
5.00 
7250 
10.00 
11.30 


546.16 
547.50 
550.00 
552-50 
555-00 
557.50 
560.00 
562.50 
565-00 
567.50 
570.00 
572.50 
575-00 
577.50 
580.00 
582.50 
585.00 
587.50 
590.00 
592.50 
595.00 
597.50 
600.00 
602.50 
605.00 
607.50 
610.00 
612.50 
615.00 
617.50 
620.00 
622.50 
625.00 
627.50 
630.00 


Pressure 


MPa 


21112 
22168 
25168 
24108 
04575 


04575 
1.0367 
2. 1566 
323261 
4.5464 


528187 ~ 


721442 

8.5241 

9.9598 
11.4525 
13-0036 
14.6143 
16.2861 
18-0202 
19.8181 
21.6811 
2326107 
25-6083 
276753 
29.8133 
3220236 
343079 
36.6675 
39-1042 
41.6193 
44.2145 
46.8914 
49.6515 
524965 
5524281 
58.4478 
61.5574 
64.7585 
68.0528 
71.4421 


Table 18. (Continued). 


Normal Butane |sotherm at 320 K 


|sotherm |sochore |sochore 

Z Derivative Derivative Curvature 
MPa «m3/kg MPa/K MPa/K2 

097194 004336 00037 - 0000001 
094743 204112 200075 -.0000004 
92270 03881 200117 -.0000011 
089751 003643 200162 -.0000025 
288418 203516 200187 - .0000036 
201830 242794 255518 -. 0002873 
04136 043823 256008 - 0002946 
08566 045781 25693 1 -.0003082 
SINE 47788 °5)/863 -.0003215 
17896 2049843 258804 -.0003348 
e 22801 251946 259754 -.0003479 
27870 254100 060714 ~. 0003609 
233105 256304 e61683 - 0003739 
258510 258560 62661 -. 0003867 
244087 260867 63649 -.0003995 
249838 263227 264647 -.0004123 
255767 65641 065654 -.0004250 
61876 268108 266672 -.0004377 
68 168 e 7/0631 67700 -.0004504 
1/4646 °73209 268737 -.000463 1 
281312 2 75843 69785 -.0004757 
88171 278534 70844 -.0004884 
295224 081283 2/1912 -.0005011 
1.02474 284090 e 72992 -. 0005139 
1.09924 86956 74081 -.0005266 
Nenlions 089882 75182 -~.0005394 
1.25438 ° 92868 e 16293 - 0005523 
1.33506 095915 17416 -.0005652 
1.41787 299025 2/8549 -.0005781 
1.50283 1.02196 2/9693 -.0005911 
1.58997 1.05431 80848 -.0006042 
1.67932 1.08729 282015 -.00061 74 
1.77092 1.12092 083193 - .0006307 
1.86478 loi Ss) 284382 -.000644 1 
1.96094 1.19014 285582 -.0006575 
2205944 eZ2575 86794 -.000671 1 
2.16029 1.26202 88018 -.0006847 
2.26354 1.29898 289253 -.0006985 
2236921 1.33661 90500 -.0007124 
2247734 1.37494 291759 -.0007265 


121 


Density 
kg/in> 


500 
10-00 
15-00 
18.56 


519.47 
520.200 
525.00 
53000 
535200 
540.00 
545.00 
550.00 
555.200 
560.00 
565.00 
570.200 
575-00 
58000 
585.00 
590.00 
595.00 
600.00 
605.00 
610.00 
615-00 


5200 
10.00 
15.00 
20.00 
25.200 
29.39 


489.36 
490.00 
495.00 
500.00 
505200 
510.00 
515.00 
520.00 
52500 
530.00 
535200 
540.00 
545200 
550-00 
555200 
560.00 
565.00 
570.00 
575200 
580.00 
585.00 
590 00 
595.200 
600.00 


Pressure 


MPa 


22318 
04428 
26322 
° 1538 


0/538 
09207 
205845 
4.4083 
624022 
8.57352 
10.9309 
13-4846 
1622438 
19.2183 
2224184 
25285435 
295368 
3324769 
3726858 
42.1750 
46.9563 
52.0418 
5724439 
6321752 
69.2485 


22467 
0474 | 
26819 
08703 
1.0393 
1.1718 


1.1718 
123100 
24534 
327181 
5ellll 
626597 
8.3114 
10.1338 
12.1152 
14.2637 
16-5880 
19.0969 
21.7996 
24.7055 
2728245 
31.1660 
34.7408 
38 65593 
42.6525 
46.9709 
5125864 
56.4905 
61.6952 
6722125 


Table 18. (Continued). 


Normal Butane |sotherm at 340 K 


|sotherm |sochore | sochore 

Z Derivative Derivative Curvature 
MPa em3/kg MPa/K MPa/K2 

095339 004429 e00075 -.0000002 
091037 004005 200158 ~-. 0000014 
86662 003572 000252 - 0000044 
083513 ©03260 200328 - 0000088 
202984 051403 46003 -.0001035 
003641 031724 046172 -. 0001066 
010122 034853 047787 -.0001355 
017104 038148 049434 =.0001632 
e24605 041614 051114 -.000 1898 
052643 045257 052828 -.0002157 
041238 049082 054577 - 0002409 
°50410 053096 056362 -.0002657 
260178 05/7304 058184 - 20002902 
°/0562 061712 °60043 -.0003145 
081583 °66325 061940 -.0003385 
093261 0/1148 063877 -.0003625 
1.05618 e/6189 2065852 - 0003864 
1.18675 081451 267868 -.0004104 
1.32454 086942 069925 - 0004345 
1.46976 °92666 e 72023 - 0004587 
1.62263 98628 °/4163 -.0004830 
1.78338 1.04835 76346 -.0005076 
1.95223 1211291 0/8573 -.0005325 
2212941 1.18002 080843 -.0005577 
2051514 1.24974 °83158 - 0005832 


Normal Butane |sotherm at 360 K 


095829 004741 200074 - 0000002 
°92065 204352 200156 - 0000009 
288284 203962 000245 - 0000027 
284502 003573 200345 -. 0000059 
280729 2003187 200456 - 0000115 
077422 202847 200565 - 0000200 
°04650 021405 237071 20000609 
005192 221699 051246 20000567 
209625 224058 e 38624 20000250 
° 14440 ° 26554 040030 -. 0000045 
e 19654 229192 241466 - 0000321 
025281 031977 042932 - 0000584 
031339 054915 044429 - 0000836 
05/843 258011 245959 - 0001080 
244812 041270 047521 - 0001317 
052261 044699 049118 - 0001549 
260209 048502 050748 -.0001777 
268673 252085 092414 - 0002001 
0/1673 ° 96054 054116 - 0002224 
08/227 260214 255854 -. 0002444 
097353 e047 | 2597630 - 0002664 
1.08072 269130 299443 -. 0002884 
1.19402 ° 73898 061294 -.0003 103 
1.31363 e /8878 263184 -- 0003323 
1.43976 284078 065114 - 0003544 
1257261 089502 267083 ~ 0003766 
1.71237 095157 269094 - 0003990 
1.85927 1201047 0/1145 - 0004216 
2201351 1.07179 e 13238 - 0004444 
2017529 1.13556 015374 - 0004675 


W272 


Density 
kg/in> 


5-00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
45.18 


453.83 
455.00 
460.00 
465.00 
470.00 
475-00 
480.00 
485.00 
490.00 
495.00 
500.00 
505.00 
510.00 
515.00 
520.00 
525-00 
530.00 
535-00 
540.00 
545.00 
550.00 
555-00 
560.00 
565-00 
570.00 
515-00 
580.00 
585.00 
590.00 


Pressure 
MPa 


-2616 
29051 
e 7306 
09383 
1.1286 
1.3018 
1.4581 
1.5977 
1.7210 
1.7387 


1.7387 
1.8910 
25923 
3.3777 
4.2529 
502234 
6.2952 
724743 
8.76735 
10. 1806 
11.7213 
13.3964 
15.2134 
17.1798 
19.5036 
21.5930 
24.0564 
26-7025 
29.5403 
32.5791 
35-8284 
39.2980 
42.9981 
46.9389 
51.1311 
5525857 
60.3139 
65-5271 
7026371 


Table 18. (Continued). 


Normal Butane Isotherm at 380 K 


Isotherm |sochore |sochore 
Z Derivative Derivative Curvature 
MPa em>/kg MPa/K MPa/K 

296242 05050 e00074 -.0000001 
92915 04689 200154 -.0000007 
89600 004332 00241 -.0000018 
086310 203980 200336 -.0000038 
0835052 003634 200439 -.0000068 
e/9829 203294 200550 -.0000112 
e 16639 202959 00672 -.0000177 
0/3482 02629 00804 -.0000272 
© 70357 202303 00948 -.0000422 
069873 202252 200972 -.0000453 
07048 e 12849 28570 20002238 
007646 213216 228832 -0002143 
e 10367 e 14849 °29965 °0001769 
2 15363 16588 231122 -0001438 
e 16647 e 18437 2 32305 20001137 
220230 20403 235514 0000860 
°24127 22488 54751 0000601 
028351 24699 256017 0000356 
252916 02/041 031312 e0000123 
205/836 29517 238637 -.0000102 
043127 032134 2 39993 -.00003 19 
048802 234896 241380 -. 0000532 
© 54877 e 53/7808 °42799 - 0000739 
61369 240876 044251 -.0000943 
°68293 044104 045737 -.0001145 
75664 047499 047256 -. 0001344 
283501 ° 51066 248809 -.0001542 
091820 54809 250398 -.0001739 
1.00637 °58735 2 52022 -.0001935 
1.09972 2062849 053682 -.0002132 
1.19840 06/156 055378 -.0002328 
1.30261 2/1662 057112 -.0002526 
1.41253 e/6373 258883 -.0002724 
1.52835 081295 260692 -.0002923 
1.65025 °86432 262541 -.0003124 
1.77842 091790 264428 -.0003327 
1.91306 0973715 °66355 -.0003532 
2.05436 1.03192 °68322 -.0003739 
2220252 1.09248 e 70330 -.0003948 
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Density 
kg/m> 


5200 
10.00 
15.00 
20.00 
25.200 
30.00 
35.200 
40.00 
45.00 
50-00 
55-00 
60.00 
65.00 
70.00 
72.54 


408 .02 
410.00 
415.00 
420.00 
425.90 
430.00 
435.00 
440.00 
445.00 
450.00 
455.00 
460.00 
465.00 
470.00 
475.00 
480.00 
485.00 
490.00 
495.00 
500.00 
505-00 
510.00 
515.00 
520-00 
525.200 
530.00 
535.00 
540.00 
545.00 
550.00 
555.00 
560.00 
565-00 
570-00 
575.200 


Pressure 
MPa 


22764 
09557 
- 1784 
1.0048 
1.2152 
1.4099 
1.5894 
1.7540 
1.9041 
2.0401 
2.1623 
202713 
223675 
224513 
224892 


24892 
226082 
2.9409 
3.3225 
3-7560 
4.2460 
4.7964 
524116 
6.0961 
6.8547 
726924 
8.6142 
9.6256 
10.7322 
11.9397 
1322543 
14.6822 
16.2299 
17.9041 
19.7120 
21.6606 
2327575 
26.0105 
2824276 
31.0170 
33.1873 
36.7475 
39-9062 
4322732 
46.8580 
50.6705 
54.7210 
59.0198 
6325778 
68.4059 


Table 18. (Continued). 


Normal Butane |sotherm at 400 K 


|sotherm |sochore |sochore 

Z Derivative Derivative Curvature 
MPa «m3 /kg MPa/K MPa/k 2 

296595 °05356 00074 -.0000001 
093632 °05020 200153 -.0000005 
2 90698 04689 00238 -.0000013 
87802 204366 200329 -.0000027 
84948 04050 © 00427 -.0000046 
«82136 203742 000532 -.0000073 
- 1/9366 03440 00644 -.0000108 
-/6638 203146 200763 -. 0000154 
e/3951 °02859 ~00890 -.0000212 
e71308 02580 001023 -.-0000288 
68710 002311 001165 - 0000385 
266159 202050 001315 -.0000514 
°63655 201798 001474 - 0000691 
61200 001555 001643 -.0000947 
059973 °01435 201734 -.0001128 
e 10662 005843 20249 0004306 
e 11118 206193 20585 0004060 
212385 007129 021447 -0003528 
e 13824 208138 022328 - 0003089 
015445 009223 ° 25230 e0002716 
siZ5D4 e 10590 024155 20002389 
219270 211641 25103 0002097 
021495 e 12982 e 26075 -0001832 
025942 014415 2/073 20001587 
2 26622 e 15946 ° 28097 e0001358 
229547 PASAT 229148 0001141 
032728 019314 °30227 ©0000935 
236177 21161 AS S}E)S) 20000736 
239907 025121 2 32468 e0000544 
043930 e25201 2535632 e0000357 
°48259 °2/403 2° 54826 ©0000175 
252907 029734 256050 -.0000005 
5/887 252197 05/304 -.0000181 
063214 034797 258590 -. 0000356 
68900 ° 5/7540 2539907 -.0000529 
2/4962 40430 041256 - 0000702 
081413 043473 °42638 -.0000873 
288268 46673 044052 -.0001045 
095543 50037 045501 -.0001216 
05255 253568 46983 -.0001388 
1.11414 0DI274 248499 -.0001560 
1.20042 -61158 50051 -.0001733 
1.29154 °65227 ° 51638 -.0001907 
1.38766 69486 255261 -.0002082 
1.48896 73940 54920 -.0002258 
1.59560 2/8595 56616 -.0002436 
1.70776 °83457 258350 -.0002616 
1.82562 288532 260121 -.0002798 
1.94936 293824 261931 -.0002982 
2-0/7916 ‘ 299339 063779 -.0003168 
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Density 
kg/m3 


5.00 
10.00 
15.00 
20.00 
25200 
30.00 
35.00 
40.00 
45.00 
50.00 
55-00 
60.00 
65.00 
70.00 
75200. 
80.00 
85.00 
90.00 
94.40 


376.69 
380.00 
385.00 
390.00 
395.00 
400.00 
405.00 
410.00 
415.00 
420.00 
425.00 
430.00 
435.00 
440.00 
445.00 
450.00 
455.00 
460.00 
465.00 
470.00 
475.00 
480.00 
485.00 
490.00 
495.00 
500.00 
505.00 
510.00 
515.00 
520.00 
525-00 
530-00 
535.200 
540.00 
545.00 
550.00 
555-00 
560.00 
565-00 
570.00 


Pressure 
MPa 


22837 

29510 

28022 
1.0376 
1.2577 
1.4628 
1.6534 
1.8297 
1.9921 
2.1411 
202771 
2.4005 
205119 
2.6117 
2.7004 
2.71/86 
28468 
2.9055 
2.9496 


2.9496 
320554 
302588 
324536 
3.17024 
39883 
4.3145 
4.6843 
5e 1012 
5.5689 
6.0912 
66/22 
725162 
&.0274 
8.8107 
9.6706 
10.6124 
11.6411 
12.7622 
13.9813 
15.3044 
16.7375 
18.2869 
19.9592 
21.7612 
23.6999 
25. 1826 
28.0168 
30.4105 
32.9715 
35.7083 
38.6294 
41.7438 
45.0605 
48.5889 
52.3388 
56.3200 
60.5429 
65.0180 
69.7560 


Table 18. (Continued). 


Normal Butane Isotherm at 410 K 


|sotherm |sochore |sochore 

Z Derivative Derivative Curvature 
MPa «m3 /kg MPa /K MPa/K 2 

°96753 205508 -00074 -.0000001 
293950 005183 ©00152 -.0000004 
°91183 004864 200237 -.0000012 
088457 004554 200327 -.0000023 
°85776 004251 °00423 -.0000039 
083139 03956 -00526 -.0000061 
280544 °03667 00634 -.0000089 
17992 003386 200749 -.0000124 
2/5481 003113 00871 -.0000168 
0/3014 202848 200998 -.0000221 
2/0592 °02592 201132 - 0000286 
068217 202346 001272 -.0000365 
°65890 e02110 001418 -.0000461 
063614 001883 001570 -.0000580 
°61391 091668 °01729 - 0000730 
2059221 201462 001895 -.0000923 
05/7105 201267 02068 -.0001183 
095045 01082 02250 -.0001553 
233278 ° 00927 ~02419 - 0002043 
6 S15) 5) ©03006 015957 -0006105 
- 13709 2003375 » 16416 0005486 
© 14344 0039735 217120 0004756 
e 15099 04626 1/7839 0004 186 
2 15982 005337 018577 20003724 
17001 -06110 2 19335 ©0003335 
© 18164 06948 20114 0002999 
e 19480 007855 020915 e0002703 
220959 08833 221740 20002436 
22608 °09887 °22588 20002193 
24437 11020 025462 -0001968 
026457 212235 224360 e0001757 
28677 0135537 ° 25284 20001557 
231107 2 14929 26234 °0001367 
033159 ~ 16416 27211 -0001183 
2 36642 e 18000 028215 20001006 
239768 19687 029246 -0000834 
043149 21480 250306 e 0000666 
046796 2025384 031395 e9000500 
50721 025402 0532512 e0000337 
034937 027541 233659 20000176 
059455 29803 234835 e0000017 
064289 032195 56042 -.0000142 
069452 254719 53/280 - 0000300 
0/4957 03/383 038549 - 0000458 
808 19 040189 ° 39850 -.0000615 
87051 043144 041182 -.0000773 
293667 046252 042547 -.0000931 
1.00682 049519 043946 -.0001090 
1.08112 © 52950 045377 -.0001249 
1.15971 56550 46843 -.0001410 
1.24274 °60325 048343 -.0001571 
1.33038 264279 049878 -.0001734 
1.42279 268419 051448 -.0001899 
1.52012 e/2750 2535053 -.0002065 
1.62255 e//278 54696 - 0002232 
1.73024 282007 056374 ~. 0002402 
1.84337 86944 e 58090 -.0002574 
1.96211 092094 59844 -.0002748 
2208663 09/463 °61635 - -0002924 
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Density 
kg/m> 


10.00 
20.00 
30.00 
40.00 
50-00 
60.00 
70.00 
80.00 
90.00 
100.00 
110.00 
120.00 
130.00 
133.47 


328.206 
330-00 
340.00 
350.00 
360.00 
370-00 
380.00 
390.00 
400.00 
410.00 
420.00 
430.00 
440.00 
450-00 
460.00 
470-00 
480.00 
490.00 
500.00 
510.00 
520.00 
530-00 
540.00 
550-00 
560.00 


Pressure 
MPa 


© 9662 
1.0702 
1.5151 
1.9040 
202399 
2.5260 
2.7661 
2.9641 
31243 
3.2509 
323481 
304199 
3.4701 
3.4830 


324830 
324985 
326053 
327658 
3.9940 
4.3058 
4.7195 
522554 
5293565 
6. 7880 
728377 
921162 
10.6571 
12.4967 
14.6746 
17.2339 
20.2209 
23.6855 
2726816 
32.2668 
37-5029 
4324558 
50.1957 
5721972 
66.3391 


Table 18. (Continued). 


Normal Butane Isotherm at 420 K 


|sotherm |sochore |sochore 
Z Derivative Derivative Curvature 
MPa em3/kg MPa/K MPa/K 

2 94246 005346 00152 -.0000004 
289062 004739 00325 -.0000020 
384060 204164 00520 -.0000052 
°79229 293619 200738 -.0000103 
2 14564 003104 00978 -.0000178 
70074 202624 201240 -.000028 1 
065772 002183 001521 -.0000418 
°61670 201784 001821 -. 0000602 
e 57780 001427 O21 Si, -.0000849 
©54109 001112 02469 -. 0001192 
50661 00839 002816 -.0001701 
047436 200604 03180 -.0002547 
044429 00405 203566 -.0004309 
043436 000342 003710 ~. 0005514 
es OTZ 00760 011119 ©0011287 
17646 00840 11304 -0010246 
e 17650 01315 ATT e0007067 
017909 001918 e 13303 20005459 
» 18466 202671 e 14398 0004450 
°19370 003595 015571 20003732 
°20672 2004712 e 16829 20003176 
022429 06045 ~ 18174 20002717 
24703 007618 219612 0002320 
02/557 009457 e21146 0001964 
°51061 11588 022/78 -0001636 
035287 14039 024515 20001326 
040314 e 16839 © 26353 0001028 
°46223 20019 28301 20000737 
2 53098 e23612 ° 30362 0000451 
061032 2/7651 052537 e0000167 
e/0118 D2. ° 34830 -.0000116 
080456 037211 03/245 -.0000402 
°92150 °42807 259784 - 0000690 
1.05307 49000 042452 -. 0000983 
1.20042 © 35832 045251 -.0001280 
1.36472 063343 48185 -.0001583 
1.54720 °/71579 031258 -.000 1892 
1.74911 80582 034475 -.0002210 
1.97176 ° 90396 051835 -.0002536 
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Table 18. (Continued). 


Normal Butane Isotherm at 425.160 K 


|lsotherm |sochore |sochore 
Density Pressure Z Derivative Derivative Curvature 
kg/m3 MPa MPa em3/kg MPa/K MPa /i< 
10.00 05/41 294390 205429 000152 - -0000004 
20.00 1.0869 089557 204833 200324 -. 0000018 
30.00 1.5419 284507 204271 °©00517 - 0000048 
40.00 1.9420 2/9827 003736 200733 - 0000094 
50.00 22902 0/5312 203235 00970 -.0000161 
60.00 2.5896 2/0967 202763 001226 - 0000250 
70.00 2.8440 66804 202331 201501 - 0000365 
80.00 3.0573 062837 01940 001792 . 70000510 
90.00 32355 259074 201591 202098 - 0000691 
100.00 3.3768 035523 001283 002415 -.0000918 
110.00 324914 292189 °01015 002743 ~.e0001201 
120.00 325812 249069 00786 203078 -.0001560 
130.00 3.6498 46163 200595 203419 - 0002022 
140.00 3- 7009 043465 200433 203763 -.0002635 
150.00 De ° 40969 ° 00303 004108 - 0003476 
160.00 3.7625 238665 200201 004451 - 0004680 
170.00 3.7786 236547 200124 04791 - 0006511 
180.00 3.7881 254603 200069 0051235 -.0009514 
190.00 37930 0 32825 200033 005445 -.0014992 
200.00 327952 051201 200012 005752 -.0026725 
210.00 3.7959 029721 200003 206036 - 0060057 
220.00 3.7960 028371 200000 006285 -.0251804 
230.00 3.7960 02/137 200000 06455 25759035 
240.00 37960 e26007 00001 - 06684 00115369 
250.00 - 53-1964 224969 00008 206985 20044653 
260.00 3.7979 24018 200025 07348 00025543 
270.00 3.8021 023154 200062 07770 0016947 
280.00 3.8112 022581 200127 208253 20012437 
290.00 3.8287 °21708 200230 208798 0009687 
300.00 328590 021151 200385 209408 0007860 
310-00 329079 020728 200605 » 10086 0006567 
320.00 329827 20464 00905 - 10835 ° 0005603 
330.00 4.0921 220389 201301 211657 0004855 
340.00 4.2466 020537 201811 2 12556 20004251 
350.00 4.4586 ° 20946 2002453 2 13534 20003748 
360.00 4.7422 °21660 005248 e 14595 90005317 
370-00 5.1138 022/26 004215 215742 0002937 
380.00 5.5918 224196 205378 ° 16977 °0002593 
390.00 6.1966 026125 206758 ° 18303 20002277 
400.00 6.9514 028575 08380 ° 19723 20001979 
410.00 7.8816 e31608 ° 10269 021240 0001695 
420.00 9.0151 035293 2 12452 022857 20001420 
430.00 10.5827 259102 214957 024576 0001151 
440.00 12.0182 244911 217812 226402 20000886 
450.00 13.9579 251001 21050 028556 - 0000621 
460.00 16.2419 2 98056 224701 230382 20000357 
470.00 18.9130 66166 228800 232543 0000091 
480.00 2220179 e 15423 055587 ° 54823 -.0000177 
490.00 2526068 085927 2538485 051223 - 0000449 
500.00 29.7555 9/779 244146 259748 -.0000725 
510.00 34.4560 1.11087 250407 042400 -.0001007 
520.00 39.8362 1.25963 09/307 045184 - 0001294 
530.00 45.9401 1.42523 64889 048103 -. 0001588 
540.00 5228581 1.60888 2/3197 251161 - 0001890 
550.00 60.6051 1.81182 282274 °54360 -.0002199 
560.00 69.3201 2203535 292165 257704 -.0002518 
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Density 
kg/m3 


10.00 

20.00 

30.00 

40.00 

50.00 

60.00 

70.00 

80.00 

90.00 
100.00 
110.00 
120.00 
130.00 
140.00 
150.00 
160.00 
170.00 
180.00 
190.00 
200.00 
210-00 
220.00 
230.00 
240.00 
250200 
260.00 
270.00 
280.00 
290.00 
300.00 
310.00 
320.00 
330.00 
340.00 
350.00 
360.00 
370-00 
380.00 
390.00 
400.00 
410.00 
420.00 
430.00 
440.00 
450.00 
460.00 
470.00 
480.00 
490.00 
500.00 
510.00 
520.00 
530.00 
540.00 
550.00 


Pressure 
MPa 


29814 
1.1025 
1.5668 
1.9773 
23369 
2.6487 
229163 
3.1434 
33342 
324927 
3.6228 
3.7285 
328132 
3.8804 
329331 
3.9740 
4.0056 
4.0303 
4.0500 
4.0665 
4.0813 
4.0956 
4.1103 
4.1257 
4.1426 
4.1623 
4.1868 
4.2189 
4.2621 
4.3212 
4.4022 
4.5126 
4.6612 
4.8588 
521177 
504523 
528790 
624163 
720850 
729082 
8.9115 
10.1229 
11.5735 
13.2970 
15.3301 
17.7128 
20.4882 
232/031 
27-4078 
31.6564 
3625070 
42.0216 
48.2664 
550512) 
63.2335 


Table 18. (Continued). 


Normai Butane |sotherm at 430 K 


|sotherm |sochore |sochore 
Zi Derivative Derivative Curvature 
MPa «m3/kg MPa/K MPa /K 2 

294521 °05507 ©00152 -.0000003 
896235 204922 200323 -- 0000017 
284910 04369 00515 -.0000044 
080366 003845 200729 - 20000087 
e 15984 2003351 200962 -.0000147 
e/1769 202891 001215 -. 0000226 
°67730 002467 001484 -.0000325 
263880 202083 01769 -.0000445 
260229 °01740 202067 -.0000589 
056/82 001437 <O255 -. 0000756 
053544 SOS 02691 -.0000948 
250513 00946 203013 -.0001161 
2047687 e00754 003338 -.0001592 
045061 000594 °03664 -.0001630 
© 42628 000463 203988 -.0001854 
040379 200359 04308 -.0002035 
°38307 200278 004623 -.0002132 
036402 00219 204932 -.0002103 
© 34654 200178 005238 -.0001916 
235056 00154 205544 -.0001570 
231596 000144 05852 -.0001087 
° 30266 200144 206169 -. 0000508 
© 29053 00150 006499 ©0000139 
02/947 200160 206847 e0000832 
226939 00180 007216 e000 1544 
26027 200217 00/7615 20002221 
25210 200277 08050 0002802 
024496 00369 08531 20003238 
025893 ©00503 09064 e0003508 
023417 00690 09658 0003620 
23087 00943 010317 -0003605 
022926 001279 011047 0003498 
2° 22964 001712 e 11850 ~0003331 
25255) 02260 212732 0003128 
e250 711 2©02942 e 13694 ©0002905 
224622 203778 e 14739 ©0002672 
225832 204788 215871 20002435 
027451 005994 «17092 20002198 
029534 207419 2 18405 0001960 
032142 09087 2° 19812 0001723 
055336 11024 BANE 7/ -0001485 
2059184 eZ 5i7 022921 ©0001248 
043757 e 15812 24629 -0001009 
049131 218719 226442 e0000768 
055384 022010 228364 0000524 
62601 025716 30398 0000277 
70869 229871 232546 0000026 
80282 034511 534813 -.0000229 
090935 0396735 25/200 -.0000490 
1.02931 045396 2° 59712 -.0000756 
16575 oso Ti9) 0423551 -.0001028 
1.31378 258685 045121 -.0001307 
1.48055 266331 48026 -.0001593 
1.66525 74707 ° 51069 -.0001887 
1.86912 83854 034253 -.0002190 
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Density 
kg/in3 


20.00 

40.00 

60.00 

80.00 
100.00 
120.00 
140.00 
160.00 
180.00 
200.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 
360-00 
380.00 
400.00 
420.00 
440.00 
460.00 
480.00 
500.00 
520.00 
540.00 


20.00 

40.00 

60.00 

80.00 
100.00 
120.00 
140.00 
160.00 
180.00 
200.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 
360.00 
380.00 
400.00 
420.00 
440.00 
460.00 
480.00 
500.00 
520.00 
540.00 


Pressure 


MPa 


1.1348 
220498 
2.7691 
323183 
37268 
4.0248 
4.2401 
4.35970 
4.5160 
4.6154 
4.7108 
4.8132 
4.93515 
59856 
523009 
526515 
6.1455 
69380 
8.1355 
9.8973 
12.4208 
15.9447 
20.7537 
27.1831 
3526237 
46.5271 
60.4096 


1.1668 
2.1215 
28876 
324896 
329553 
423133 


4.5901 


4.8094 
4.9921 
51576 
505238 
525040 
57100 
529633 
622994 
6.7711 
724524 
804428 
9.8711 
11.8997 
14.7283 
18-5980 
23-1959 
30-6598 
39.5829 
5120194 
65.4883 


Table 18. (Continued). 


Normal Butane |sotherm at 440 K 


|sotherm | sochore |sochore 
Le Derivative Derivative Curvature 
MPa m3/kg MPa/K MPa/K2 

©90145 005102 000321 - 0000015 
081418 ©04067 00721 -.0000075 
© 1/3326 003148 001194 -.0000187 
099991 002369 e91730 -.0000351 
059211 001742 202310 -.0000554 
0° 335288 °91262 002919 -.0000769 
048119 ©00912 003542 -.0000943 
°43662 000674 004168 -. 0001009 
259861 0005352 04800 -.0000908 
° 536065 °00475 005449 -.0000628 
254021 00488 °06139 - 0000207 
°531863 000542 © 06895 e0000307 
030135 00656 007748 ©0000870 
2 23846 200891 208736 ©0001399 
°28073 091521 009907 00001797 
02/7960 02043 211308 29002001 
e28717 003175 e 12981 ©0002014 
° 50620 ©04857 © 14963 ©0001876 
°54015 007250 17281 e000 1633 
039312 © 10532 © 19963 0001320 
46986 ° 14901 023031 °0000959 
05/575 °20575 e 26508 e0000561 
°/1681 02/794 030418 ©0000132 
089976 2 36825 034785 -. 0000326 
1.13198 047958 2 59633 -.0000813 
1242158 ©61506 © 44990 -.0001331 
1.77738 °/7805 50881 -.000 1882 


Normal Butane |sotherm at 450 K 


°90631 205281 e 00320 - 0000014 
082393 204284 200714 - 0000065 
2/4765 003598 001177 - 0000158 
067765 202645 201698 - 0000287 
°61445 202036 002261 - 0000435 
099339 291566 202853 -. 0000574 
230934 001222 203463 - 0000670 
246696 200988 204086 - 0000685 
243084 00655 204727 - 0000599 
°40062 00816 205399 -.0000412 
037593 200857 006122 - 0000145 
035627 200953 206919 °0000180 
054117 001125 007816 0000539 
e33085 201437 208847 20000892 
e 32620 201967 e 10052 20001188 
252871 e028 11 211475 2000 1382 
054051 e04085 013152 0001454 
036435 205926 e 15125 20001406 
040354 208492 e 17425 0001256 
046215 211960 e 20080 20001026 
094477 2 16527 0235115 20000734 
°656635 e22410 226555 0000395 
280363 229851 030425 0000010 
099229 059115 054748 - 0000409 
1222984 e 30494 2 39549 - 0000865 
1.252420 264303 044855 - 0001351 
1.88399 280875 250693 - 0001876 


129 


Density 
kg/m3 


20.200 
40.00 
60.00 
80.00 
100-00 
120.00 
140.00 
160.00 
180.00 
200-00 
220.200 
240.00 
260-00 
280 00 
300.00 
320.00 
340.00 
360.00 
380.00 
400.00 
420.00 
440.00 
460.00 
480.00 
500.00 


20.00 

40.00 

60-00 

80.00 
100.00 
120.200 
140.00 
160.90 
180.00 
200.00 
220.200 
240-00 
260.00 
280.00 
300-00 
320-00 
340.00 
360-00 
380.00 
400.90 
420.00 
440.00 
460.00 
480.00 


Pressure 


MPa 


1.3253 
204716 
324603 
4.3107 
520452 
526878 
662624 
6.7931 
723040 
728210 
8.3704 
8.9754 
926594 
10.4575 
1124216 
12.6222 
14.1514 
16.1263 
18.6924 
229272 
263446 
31.8990 
389903 
47.9691 
59.2416 


1.4817 
2.8124 
4.0117 
5.0956 
6.0837 
6.9985 
7.8641 
8.7064 
9.5541 
10.4386 
11.3935 
1264505 
13.6422 
15.0154 
16.6345 
18 65839 
20.9709 
23.9279 
2726158 
5262275 
37.9908 
45.1750 
54.0936 
65.1105 


Table 18. 


(Continued). 


Normal Butane |sotherm at 500 K 


092648 
086392 
280634 
015538 
° 70539 
266269 
062541 
299360 
296734 
094675 
053195 
052287 
031943 
052218 
053230 
255149 
0398193 
262630 
068775 
276993 
087699 
1201362 
1.18509 
1.39724 
1265656 


Normal 


094166 
289368 
284983 
°80959 
0/7327 
0/4128 
2/1597 
269164 
°67465 
066540 
°65826 
065938 
266692 
268161 
°/0477 
0/3815 
e 78397 
08448 | 
292370 
1.02405 
1214971 
1.30498 
1.49467 
1.72412 


|sotherm 


Derivative 


MPa em3/kg 


206157 
205323 
204580 
203943 
203422 
e 03023 
202743 
© 02583 
202548 
202645 
202869 
203199 
203669 
204355 
205344 
206738 
208651 
°11219 
° 14590 
e 18936 
024449 
051344 
2 59861 
230265 
262849 


Butane |sotherm 


007009 
006312 
205693 
205162 
204738 
204430 
204247 
e04200 
204503 
204571 
205005 
205590 
206367 
207419 
208842 
2 10742 
e 13238 
2 16465 
220574 
025731 
252128 
259975 


" 649513 


130 


61006 


at 550 K 


| sochore 
Derivative 


MPa/K 


200315 
200689 
201120 
201599 
002118 
202671 
203258 
20388 1 
204549 
205273 
206069 
296954 
2007949 
09078 
° 10370 
e 11854 
e 13564 
2 15551 
e 17789 
e 20368 
223298 
° 26606 
e 30320 
054467 
2 59072 


200311 
200675 
01088 
001545 
202043 
202580 
003157 
203781 
204458 
005202 
206024 
206942 
007973 
209138 
2 10462 
211969 
2 13687 
2 15647 
2 1/876 
220406 
223263 
226478 
e50077 
254088 


|sochore 
Curvature 
MPa/K 


- 0000008 
~ 99900036 
- 0000082 
- 0000138 
- 0000194 
- 0000239 
- 0000264 
- 0000261 
- 0000230 
- 0000172 
- 0000091 
e 0000007 
0000115 
20000224 
°0000323 
20000397 
0000435 
20000428 
20000369 
°0000256 
20000092 
-.0000121 
- 0000380 
- 0000683 
- 0001027 


- 0000005 
- 0000023 
- 0000050 
- 0000083 
- 0000115 
-- 0000140 
- 0000155 
- 0000157 
- 0000146 
-. 0000122 
- 0000088 
- 0000047 
- 0000002 

20000042 

20000079 

20000103 

20000105 

2000008 1 

20000025 
- 0000067 
-.0000197 
-. 0000364 
- 0000571 
-- 0000815 


Density 
kg/in3 


20-00 

40.00 

60.00 

80.00 
100.00 
120.00 
140.00 
160.00 
180.00 
200-00 
220.00 
240.00 
260.00 
280-00 
300.00 
320-00 
340.00 
360-00 
380-00 
400.00 
420.00 
440.00 
460.00 


20.00 

40.00 

60.00 

80.00 
100.00 
120.200 
140.00 
160.00 
180.00 
200.00 
220.00 
240-00 
260.200 
280.00 
300.09 
320.00 
340.00 
360.00 
380.00 
400.00 
420.00 
440.00 


Pressure 
MPa 


1.6368 
3.1474 
4.5501 
528591 
720927 
8.2731 
924258 
10.5795 
11.7669 
1320252 
14.3946 
15.9143 
17.6259 
19.5858 
21.8697 
24.5744 
27.8202 
31.7533 
365489 
4224138 
49.5908 
58.5624 
69.0562 


1.7909 

304784 

520798 

6.6084 

8.0821 

9252356 
10.9604 
12.4241 
1329519 
15-5862 
175735 
19.3603 
21.5961 
24.1467 
27.0980 
30.5577 
34.6584 
39.5589 
45.4475 
525446 
61-1064 
7124292 


Table 18. (Continued). 


Normal Butane |sotherm at 600 K 


|sotherm |sochore | sochore 
Z Derivative Derivative Curvature 
MPa em3/kg MPa/K MPa/K2 

095353 007847 °00309 -.0000004 
091677 007272 200665 -.0000016 
088356 °06766 001067 -.0000034 
085332 206340 001511 -. 0000056 
°82639 e06015 001996 -.0000077 
80326 205810 002522 -.0000095 
1/8444 005740 003093 -.0000107 
e/7/040 © 05824 003715 -.0000112 
e /6166 206082 004396 -.0000110 
e 75880 006555 095146 -. 0000102 
e/6234 007191 05980 - 0000089 
0/7259 08039 006911 -. 0000072 
e 78986 009124 007957 -.0000056 
081499 © 10538 209136 -.0000041 
284936 012381 2° 10470 - 20000032 
089475 e 14765 011982 -. 0000034 
095335 © 17814 e 13697 - 0000050 
1.02768 021663 2 15641 - 0000086 
1.12063 226465 e 17842 -.0000144 
1.23543 032387 20327 -. 0000229 
1.37569 2539618 023124 - 0000343 
1.54544 48371 26261 -. 0000487 
1.74910 258881 °29766 - 0000663 


Normal Butane |sotherm at 650 K 


296307 208674 200307 - 0000003 
093524 008212 200659 -e 0000011 
°91055 007813 201053 -.0000025 
288842 007489 201487 -- 0000040 
286923 007267 201963 - 0000056 
285355 007171 202482 - 0000070 
284199 007223 003047 --0000081 
085513 007446 °03666 - 0000087 
283562 207868 204346 -.0000091 
283814 e08515 205099 -- 000009 1 
084933 209398 205936 - 0000089 
286758 210510 206871 - 0000086 
2893535 211903 097922 - .0000084 
092749 2 13674 °09104 - 0000084 
097146 e 15928 ° 10438 - 0000091 
1.02702 e 18780 211945 - 0000106 
1.09632 222559 e 13649 - 0000133 
1.18182 e 26803 e 15574 - 0000174 
1.28628 052266 e 17745 - 00002534 
1.41278 238918 e 20189 - 0000315 
1256475 046947 022932 - 0000419 
1.74595 256565 ° 26091 - 0900548 


ist 


Density 
kg/m> 


20.00 
40.00 
60.00 
80.00 
100.00 
120.00 
140.00 
160.00 
180.00 
200.00 
220.00 
240-00 
260.00 
280 .00 
300.00 
320.00 
340.00 
360.00 
380.00 
400.00 


Pressure 
MPa 


1.9444 

3.8064 

526032 

7.3475 

920573 
10.7565 
12.4746 
14.2467 
16.1141 
18.1245 
20-5304 
22.7850 
25.5458 
28.6870 
32.3040 
36.5153 
41.4642 
47.3217 
54.2884 
62.5974 


Table 18. (Continued). 


Normal Butane |sotherm at 700 K 


|sotherm |sochore |sochore 

Z Derivative Derivative Curvature 
MPa em3/kg MPa/K MPa/K 2 

97089 209495 00306 -.0000002 
095035 209138 200654 -. 0000009 
© 93264 208840 ©01042 -.0000019 
091723 08618 °01470 -.0000031 
290453 08500 001939 -.0000043 
089518 008516 202451 -. 0000055 
°88986 08694 03011 -.0000065 
088924 09062 03626 -. 0000073 
© 89404 209652 204304 -.0000079 
090502 10496 ©05055 -.-0000083 
292288 e 11608 205892 -.0000087 
094812 12985 206827 -. 0000092 
298123 e 14684 207876 -.0000098 
1.02318 2 16807 009055 -. 0000108 
1sO7557 e 19462 2 10384 -.0000123 
1.13959 22770 e 11882 -.0000145 
1.21792 e 26862 213570 -.0000178 
1.31275 °51880 2 15473 -.0000223 
1.42675 05/98) 2° 17615 -.0000282 
1.56286 045354 20019 -- 0000360 


£32 


Table 19. The Joule-Thomson inversion locus for normal butane. 


Temp. Densi Ty Pressure 
K kg/m> MPa 
550 511.2 2-/07 
360 505.9 5. 584 
370 500.6 7.911 
380 495.4 10.297 
390 490.2 Zeal 
400 485.0 14.680 
410 479.9 16.693 
429 474.7 18.595 
430 469.7 20.394 
440 464.7 22.095 
450 459.7 23.103 
460 454.8 252224 
470 449.9 26.661 
480 445.0 28.020 
490 440.2 29.504 
500 435.5 30.517 
510 430.8 31.662 
520 426.1 32.743 
530 421.5 33/62 
540 416.9 34.723 
550 412.3 352627 
560 407.8 36.477 
570 403.4 372275 
580 398.9 38.025 
590 394.5 38 6726 
600 390.2 39.381 
610 385.8 39.991 
620 381.5 40.560 
630 377.3 41.087 
640 373.20 41.5/5 
650 368 8 42.024 
660 364 6 42.436 
670 360.5 42.812 
680 35604 43.154 
690 3523 43.462 
700 348.2 43.1738 
710 344.1 432981 
720 340.1 44.196 
730 336.1 44.380 
740 332.1 44.537 
750 328.1 44.666 
760 324.1 44.768 
7710 320.2 44.845 
780 316.5 44.898 
790 312.4 44.927 
800 308. 5 44.9354 
810 304.6 44.919 
820 300.8 44.884 
830 297.0 44.828 
840 293.2 44.754 
850 289.4 44.662 
860 285.6 44.553 


133 


Tempe 
K 


134.860 
140.000 
145.000 
150.000 
155.2000 
160.000 
165.000 
170.000 
175-000 
180.000 
185.000 
190.000 
195-000 
200-000 
205.2000 
210-000 
215-2000 
220.000 
225.000 
230.000 
235.2000 
240.000 
245-000 
250-000 
255-000 
260.000 
265 000 
2702000 
2722638 
280.000 
285.000 
290.2000 
295.000 
300.000 
305.2000 
310.000 
315-009 
320.000 
325.000 
330.000 
335.000 
340.000 
345.000 
350.000 
355.000 
360.000 
365-000 
370.000 
375.2000 
380.000 
385.000 
390.000 
395.000 
400.000 
495.000 
410.000 
415.000 
420.000 
425.160 


Table 20. 


Pg 
MPa 


°67358E-06 
e 17210E-05 
°59917E-05 
°86943E-05 
° 17897E-04 
°35012E-04 
°65411E-04 
eo 11721E-03 
e 20220E-03 
° 33697E-03 
2 54411E-03 
°85357E-03 
e 13040E-02 
© 19442E-02 
e 28345E-02 
°40479E-02 
2 56716E-02 
e /8076E-02 
e 10574E-01 
° 14104E-01 
e 18550E-01 
°24079E-01 
° 50877E-01 
0 59147E-01 
°49106E-01 
°60989E-01 
e 75047E-01 
°©91543E-01 
e 10153E+00 
e 13298E+00 
e 15851E+00 
e 18767E+00 
° 22078E+00 
°25817E+00 
e 30019E+00 
°54717E+00 
° 39949E+00 
°45749E+00 
e 92155E+00 
e59204E+00 
2 66934E+00 
e 75384E+00 
°845935C+00 
° 9460 1E+00 
e 10545E+01 
© 11718E+01 
e 12984E+01 
e 14348E+01 
e 15814E+01 
o 17387E+01 
e 19075E+01 
e20883E+01 
e228 19E+01 
e24892E+01 
°2/7113E+01 
°29496E+01 
e 32060E+01 
°34830E+01 
e 3/960E+01 


Py 
kg/m3 
13.021 
730242 
129.612 
721-01 
WAGs) 
711-62 
706.92 
70222 
697.52 
692.81 
688 .09 
6832356 
678.61 
673285 
669.07 
664.27 
659.45 
654.60 
649.72 
644.80 
639.86 
634.87 
629.84 
624./6 
619.64 
614.46 
609.22 
603.92 
601.09 
595 ei 
587.59 
581.98 
51629 
570-49 
564.59 
558.57 
552244 
546.16 
539-14 
BPI W/ 
526.41 
519.47 
512.232 
504.93 
497.29 
489.36 
481.10 
472.46 
463.40 
453.83 
443.67 
432./7 
420.98 
408.02 
393-49 
376.69 
556017 
328.06 
ZL 00D 


Thermophysical 


p 
kgm3 


e 3491 6E-04 
°©85937E-04 
e 19245E-03 
04052 1E-03 
°80723E-03 
e 15299E-02 
e27718E-02 
©4821 1E-02 
°80807E-02 
e 13095E-01 
e20580E-01 
°51447E-01 
°46854E-01 
°68126E-01 
» 96980E-01 
e 13534E+00 
e 18544E+00 
°24984E+00 
° 533139E+00 
043328E+00 
° 55901E+00 
e 71257E+00 
°89748E+00 
°©11188E+01 
e 13809E+01 
e 16890E+01 
° 20483E+01 
°24646E+01 
»27092E+01 
°34923E+01 
241169E+01 
°48249E+01 
e 56240E+01 
°65226E+01 
° /5297E+01 
°86549E+0 1 
2 99090E+01 
e11303E+02 
e 12851E+02 
e 14565E+02 
e 16462E+02 
e 18560E+02 
e 20876E+02 
e254356E+02 
e 26264E+02 
e29391E+02 
2 32855E+02 
2 36701E+02 
° 40985E+02 
045778E+02 
e51175E+02 
2 573502E+02 
e 64336E+02 
0 /2539E+02 
e 82323E+02 
2 94398E+02 
e 11019E+05 
o 13347E+03 
2 22785E+03 


ZY 


e 00000 
200000 
e 00000 
200000 
2 00000 
200000 
° 00000 
200001 
200001 
e 00002 
209003 
200005 
°00007 
200010 
200014 
200020 
° 00028 
200038 
e 00051 
200066 
e 00086 
200110 
200140 
200175 
200217 
200267 
200325 
°00392 
© 00432 
200560 
e 00662 
200777 
¢00908 
01055 
201219 
01402 
291605 
201830 
202078 
202352 
° 02653 
202984 
203346 
203742 
004176 
204650 
205169 
005738 
206362 
207048 
007807 
208649 
009593 
e 10662 
2 11894 
013351 
2 15163 
e 17672 
021394 


properties of 


Zg 


1.00000 
299999 
299998 
299997 
099994 
299990 
099983 
099973 
299958 
099937 
099907 
299868 
099816 
099751 
299669 
099568 
099447 
099302 
0991335 
298937 
098712 
298456 
° 98168 
097845 
097486 
97089 
296651 
096170 
095898 
°95069 
094443 
293764 
293028 
092253 
091577 
290457 
089471 
288418 
087297 
286107 
284846 
283513 
282107 
280625 
» 79065 
0/7422 
2 75690 
2 73862 
° 71928 
269873 
67680 
065325 
062772 
259973 
° 56850 
2535278 
2049012 
043436 
02/594 


134 


saturated 


dPo/ dT 
MPa/K 


e 1282E-06 
°5012E-06 
2 6456E-06 
e 1303E-05 
° 2490E-05 
045352E-05 
e 7895E-05 
e 1321E-04 
° 21535E-04 
0 55352E-04 
e 5053E-04 
e /454E-04 
2 1073E-03 
e 1508E-03 
2 2077E-03 
e2806E-05 
2 3723E-03 
»4860E-03 
°6249E-03 
e/923E-03 
299 16E-03 
e 1226E-02 
e I500E-02 
e 1815E-02 
e2176E-02 
2 2586E-02 
e 5046E-02 
°5562E-02 
e 5856E-02 
04765E-02 
2 D459E-02 
e6216E-02 
e /039E-02 
2 /929E-02 
°8888E-02 
29918E-02 
e 1102E-01 
20 1219E-01 
e 1344E-01 
2 1477E-01 
e 1617E-01 
e 1765E-01 
e 1920E-01 
°2084E-01 
° 2257E-01 
°24358E-01 
2 2628E-01 
°28285-01 
2 5038E-01 
2 5259E-01 
0 3493E-01 
e5741E-01 
e4006E-01 
°4290E-01 
2 4599E-01 
°4939E-01 
°5523E-01 
°©5774E-01 
°6427E-01 


liquid normal 


d0g /dT 
kg/(m3 eK ) 


-.9441 
— 29424 
-.9410 
-.9401 
- 9395 
- 29594 
- 29396 
- 9403 
-.9414 
- 9430 
-.9450 
- 29474 
- 9504 
- 29538 
- 29578 
= 29623 
- 09673 
-.9/29 
-.9791 
- 9860 
-09934 
-1.0016 
-1.0104 
-1.0201 
-1.0304 
-1.0417 
-1.0558 
- 1.0669 
-1.0741 
-1.0961 
-1.1124 
-1.1299 
-1.1488 
-1.16935 
=e 1913S 
-1.2151 
-1.2409 
-1.2688 
-1.2993 
-1.25325 
-1.3688 
-1.4037 
-1.24528 
-1.5018 
-1.25565 
-| °6180 
-1.6878 
-1./677 
-1.8606 
-1.9698 
-2. 1008 
-2.2615 
-2.4645 
-2.1314 
-3.1026 
-3.6648 
-4.6508 
-720294 


butane. 


| sochore 
Derivative 
MPa/K 


2.1101 
220325 
1.9597 
1.8922 
1.8268 
1.7642 
1.7042 
1.6467 
1.5914 
1.5382 
1.4870 
1.4377 
1.3900 
1.35441 
1.22996 
1.2566 
122149 
1.21746 
1.1354 
1.0974 
1.0604 
1.0245 
29896 
09556 
09225 
28902 
28587 
28279 
28120 
e 7/686 
2/399 
0/119 
26844 
06575 
06312 
06054 
29800 
055952 
05308 
25068 
048352 
24600 
24372 
04147 
03926 
23707 
03491 
05278 
05067 
22857 
° 2649 
0244] 
02234 
02025 
21813 
e 1596 
e 1367 
01112 
20643 


|sotherm 
Derivative 
MPa om>/kg 


e2235E+0 1 
e2157E+01 
e2084E+01 
°20135E+01 
2 1944E+01 
e 1878E+01 
e 18 14E+01 
e 1751E+01 
e 1690E+01 
e 1651E+01 
© ID74E+01 
e 1517E+01 
e 1462E+01 
2 1409E+01 
2 1357E+01 
e 1306E+01 
2 1256E+01 
e 1207E+01 
2 1159E+01 
© 1112E+01 
e 1066E+01 
e 1022E+01 
°9779E+00 
e 9550E+00 
2893 1E+00 
°8521E+00 
°8120E+00 
e/727£+00 
e 7524E+00 
-6969E+00 
2° 6603E+090 
°6245E+90 
2 9896E+00 
°5556E+00 
2 9224E+00 
24900E+00 
°4586E+00 
04279E+00 
°5982E+00 
2 3693E+00 
2 3412E+00 
053 140E+00 
e2877E+00 
2 2623E+00 
°2577E+00 
e2141E+09 
e 1913E+00 
e 1694E+00 
e 1485E+00 
e 1285E+00 
e 1095E+00 
e9141E-01 
e/438E-01 
29843E-01 
°4362E-01 
°3006E-01 
2 1794E-01 
e/604E-02 
or 


Tempe 
K 


134.860 
140.000 
145.990 
150.000 
155.000 
160.000 
165.000 
170.000 
175.000 
180.000 
185.000 
190.000 
195.000 
200.000 
205-000 
210.000 
215-000 
220.000 
225.000 
230-000 
235.2000 
240.000 
245-000 
250-000 
255-000 
260.000 
265.2000 
270-000 
272.658 
280-000 
285.000 
290.000 
295.000 
300.000 
305.000 
310.000 
315.000 
3202000 
325.000 
330.000 
335.000 
340.000 
345.000 
350.000 
355.2000 
560.000 
365.000 
370.000 
375-000 
380.000 
385.000 
390.000 
395.000 
400.000 
405.900 
410.000 
415.000 
420.000 
425.160 


Heat of 
Vape 
J/mo| 


287892 
2852026 
282656 
2801602 
2771202 
2753209 
2729820 
27067. 1 
2683967 
2661505 
263593 04 
2617307 
2595567 
257389 
255228 
2530720 
2509161 
248745 
246568 
244376 
2421622 
23992.5 
2376523 
235348 
233002 
2306161 
228168 
2256609 
224326 
2204729 
2177767 
2149926 
21212-8 
2091609 
20611.0 
20294.4 
19966.5 
19626.4 
1927361 
18905.8 
185234 
18124.8 
1770867 
172736 
1681729 
16339.6 
1583625 
1530528 
14744.1 
1414723 
13509.7 
12824.0 
120798 
11262.1 
10346.6 
9291.7 

8012.0 

6273.2 

0.0 


Internal 


Energy 
J/mo| 


94265 
1003329 
10646.0 
11262.7 
11884.7 
1251261 
13145.3 
1378424 
14429.8 
15081.7 
1574025 
1640661 
167603 
1775924 
18447.2 
19142.8 
19846.3 
205579 
2127767 
2200529 
2274226 
23488. 1 
242427 
250064 
2517926 
265627 
273560 
2815929 
239750 
2980125 
30640.3 
3149129 
3235763 
3325705 
34135304 
3504722 
359812 
369359035 
3792729 
3895922 
40060 .4 
4131525 
44431.5 


Table 20. 


Enthalpy Entropy 


J/mo| 


9427.0 
10034 6 
10646 .9 
11264.0 
11886.4 
12514.3 
13148.1 
13788.0 
14434 .4 
150875 
1574726 
16415.0 
1677061 
1777224 
18462.9 
1916125 
19868.5 
20584.2 
21308 .6 
2204220 
22784 06 
23535608 
24298 8 
2507029 
258536 
26647.1 
2745220 
28268 8 
2909822 
2994067 
307972 
3 1668.4 
325550 
33460.0 
343833 
353276 
3629625 
372939 
383284 
3941423 
40583 .6 
41932.6 
453999 


133.544 
137.2932 
142.036 
145.992 
149.812 
1532507 
157.089 
160.565 
163.2945 
167.237 
170.447 
173-582 
176.649 
1792652 
182.596 
185.486 
188.326 
191.120 
193.872 
196.584 
199.260 
201.902 
204.513 
207.096 
209.652 
2126183 
214.692 
217.180 
218.485 
222.2098 
224.532 
2262950 
229.353 
231.744 
234.122 
2362490 
238 2847 
2412196 
243.2536 
2452870 
248 . 198 
2502521 
252 6842 
255.2160 
2572478 
2592/97 
262.119 
264.446 
26627179 
269.122 
271.479 
2732854 
2762254 
2782689 
281.178 
283.755 
286.487 
289.604 
297.647 


(Continued) 
Cy Cg Cp 
J/(moleK) J/(moleK) J/(moleK) J/(mol +K) 
88.51 117.39 117.39 
87.86 117.07 117.07 
87.29 116.82 116282 
86.78 116.61 116.61 
86.34 116.48 116.48 
85.99 42 116.42 
85671 110044 116.44 
85.51 116.54 116.54 
85.40 116.72 116.72 
8537 116.99 116.99 
85.42 117234 117.34 
85.56 117.77 117277 
85.77 118.28 118.28 
86.05 118.88 118.88 
86.41 119.54 119.55 
86.84 120229 120.29 
87.35 121.10 121.11 
87.88 121.98 121.99 
88.48 122.92 122.94 
89.13 123.92 123.95 
89.84 124.98 125.202 
90.58 126.10 126214 
91.37 127.26 127.32 
92.19 128.48 128.55 
93.05 129.74 129.83 
932935 131.05 131216 
94 285 132.40 132.53 
95.78 133.79 133.96 
96.29 134.54 134.75 
97273 136-70 136.95 
98.73 138.22 138.51 
99.75 139.78 140.13 
100.78 141.38 141.80 
101.83 143.02 143.53 
102.89 144.71 145.31 
103.96 146.44 147.15 
105.04 148.22 149.06 
106.13 150.05 151.04 
107.22 151.94 155.10 
108.31 153.88 15524 
109.40 155.87 157.48 
110.48 157294 159.83 
111.55 160.08 162.31 
112.60 162.29 164.92 
113.62 164.61 167.71 
114.62 167203 170.71 
115.57 169.58 173.97 
116.46 172229 177.256 
117.230 175.21 181.58 
118.05 178.40 186.17 
118.70 181.96 191.57 
119.23 186.05 198.14 
119.69 190.91 20650 
119275 196.99 217275 
119.57 205.10 234.17 
118.84 217206 261-09 
116.84 237212 314.81 
110.53 287.81 479231 


135 


Fugacity/ 


Pressure 
Ratio 


1.00000 
1.00000 
1.00000 
1.00000 
099998 
099994 
099986 
099975 
299959 
099935 
099902 
299858 
099799 
099722 
299636 
099521 
299392 
099228 
099045 
098326 
098581 
298298 
297985 
097634 
097247 
296823 
296358 
095872 
095595 
294773 
094166 
093523 
292843 
° 92130 
291379 
290593 
089772 
288919 
°88036 
87120 
086176 
085204 
084207 
283187 
082147 
281086 
80007 
°/8911 
°//799 
2/6672 
e/5532 
0/4375 
e 75200 
e 72005 
°/0785 
069533 
268240 
e 66883 
065361 


Vel. of 


Sound 


m/s 


1721 
1695 
1669 
1644 
1619 
1594 
1569 
1544 
1520 
1495 
1470 
1445 
1420 
1395 
1369 
1344 
1319 
1294 
1268 
1243 
1218 
1192 
1167 
1141 
1116 
1090 
1065 
1039 
1026 
988 
962 
936 
910 
884 
858 
832 
806 
780 
754 
727 
700 
674 
647 
619 
592 
564 
536 
508 
479 
450 
420 
389 
358 
325 
292 
257 
219 
181 
0 


Dielectric 
Constant 


2.03857 
203023 
292212 
2201402 
2290592 
1.99783 
1.98975 
1.98167 
1.97359 
1.96551 

1.95742 
1.94932 
1294122 
1.93310 
1.92496 
1291659 
1.90862 
1.90041 
1.89216 
1.88388 
1.87556 
1286719 
1.85877 
185030 
1.84177 
1.83316 
1.82449 
1.81574 
1.811038 
1.79796 
1.78895 
1.77978 
1277052 
1.76113 
1.75160 
1274192 
173208 
1272206 
1.71184 
1.70142 
1.69076 
1.67986 
1.66867 
1.65717 
1.64533 
1.63310 
1.62044 
1.60727 
1.59353 
1257912 
1256392 
1.54774 
1253036 
1.51143 
1.49041 
1.46636 
1.243739 
1.39841 

1.26585 
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